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ABSTRACT

This report is aimed at defining fastening processes and techniques that are
not widely used in ship construction today in terms of their applicability and
potential for improving cost, construction, reliability, and maintenance of hull
structures and attachments. The study includes similar and dissimilar metal-to-metal
and metal-to-nonmetal joints, a generic fastener matrix of typical fasteners,
fastener installation equipment and processes, proposed applications of explosion-
bonded materials, and cost comparisons of various fabrication techniques. Fusion
welding, diffusion bonding, friction welding, and adhesive bondig are discussed.
Several fastener standards and vendor proprietary fasteners are included as figures.
Extractions from Boeing Design Manual sections on mechanical fastening and adhesive
bonding are included as reference attachments. Fastening systems and techniques that
merit further study or verification are identified.
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I. INTRODUCTION

IA. BACKGROUND

There are many differences and similarities between conventional ship and air-
frame assembly methods. These differences range from the obvious to the very subtle
and are related to the particular fabrication techniques and the design philosophy
of the structures.

In both industry situations, customer/user performance criteria within the
context of regulatory agency requirements influence the direction taken by the
designer and builder in producing a vehicle to satisfy customer needs for a price.

The aerospace industry has been challenged to extend its capability in many
areas. Premiums attached to weight of airframes resulted in the introduction of
honeycomb construction and adhesive bonding. Several other joining processes
received impetus. These include plasma and electron beam welding, diffusion bonding,
and mechanical fastening.

Parallel with the above activity, the jet commercial transport came of age.
This growth in the commercial market provided the opportunity to develop new pro-
cesses offering cost-effective returns. The quest for increased customer acceptance
emerged in one form as extended-life airframe warranties (fatigue-rated structure).

These factors contributed to the utilization of a full complement of material
forms (sheet, plate, extrusions, castings, forgings, weldxnents); materials
(aluiminum, steels, titanium, nickel magnesium, glass-reinforced plastics, etc.);
alloys within a basic metal family; and heat-treat tempers to their best advantage.
As a result, a delivered aircraft represents a conglomeration of materials and
material conditions, each of which may require a unique joining method. Outfitted
ships represent a similar conglomeration of materials and joining methods. The net
result is a full complement of joining methods ranging from diffusion bonding,
fusion and resistance welding, adhesive bonding, and a wide variety of mechanical
fasteners. This area of joining becomes extremely significant and is the basic
subject of this report.

The principal method of airframe structural joining is mechanical fastening.
These fasteners range in size from 3/32-inch diameter, for riveting of floating nut
plates, to high-strength alloy steel and titanium bolts of 2-inch diameter. Struc-
turally rated blind rivets, families of vendor proprietary interference fit
fastener systems, and several classes of riveting make up the process inventory.
These include fastener types and installation processing criteria for fluid-tight
fasteners classified for use in integral fuel tank structures. Another classifica-
tion of fasteners is available for fatigue-rated fluid-tight applications. Some of
the principal considerations for fastening of airframe include low fabrication cost
and capitdI equipment requirements, proven reliability, repairability/panel
replaceability, fail-safe design philosophy, and fatigue considerations. End item
inspectability is also a pertinent consideration.
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Portable tools and mechanized equipment (including multiaxis numerically
controlled panel riveters) have been developed to install the various types of
fasteners.

Unlike aircraft, the quantities of ships constructed on a particular produc-
tion run are relatively few in number. The extensive use of hard tooling and
jigging is not warranted in the assembly stages due to the high costs involved.
However, production and modular assembly concepts developed in the shipbuilding
industry have been adopted for widespread use in the airplane industry. These
include the use of full-scale lofting, free-floating jigs (one degree of freedom)
common to both industries and construction by compartments or sections.

The interest of the government and the civilian sector in fast-ship concepts,
such as the hydrofoil and surface-effect ships, has led to the need for new fasten-
ing or joining techniques. Some of the newer techniques already being investigated
in the shipbuilding industry (such as bimetallic joinings) are documented in this
report, along with fastening systems that have in the past been used parimarily in
the aircraft industry.

IB. SCOPE

On the basis of prior screening, a selection was made of specific types of
attachments to be studied in greater detail. These include: Several aspects of
equipment and systems installation and joints between dissimilar materials (metals
and nonmetals combinations). Both of these were studied for:

a) Fabrication cost and practicality

b) Maintenance requirements and savings

c) Corrosion and fracture characteristics

d) Inspection requirements

e) Weight

f) Fatigue capabilities

g) Comparison with other methods

h) Reliability

The following joining problems were studied with respect to the above
criteria:

a) The use of bimetal strips or fillers produced by diffusion bonding,
roll bonding, or explosive bonding for conventional welding of
dissimilar metals

b) Use of flanged, formed bead structure for dissimilar metals explo-
sively bonded in place
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c) Use of friotion welding for dissimilar metal stud welding

d) Use of explosive or diffusion bonding to produce dissimilar metal
sleeves .or melt-through joining with portable, automatic tube welders

e) Use of explosive bonding to jacket foreign metal structures for pre-
vention of underwater electrolysis

f) Use of special edge members and shock-absorbing sleeves for attachment
of nonmet als

g) Bulkhead penetrations

h) Mechanical fastening for structural and nonstructural joints

i) Adhesive bonding of similar and dissimilar metal joints

J) Hole preparation

k) Coldworking holes for increased fatigue strength

1) Fluid-tight flush fasteners for hydrodynamic environments.

As this study is conceptual in nature, no hardware has been fabricated.
Individual applications of proposed techniques will require evaluation on their
own merits.
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II. INVE'" IGATION AJID AIIALY2I'2

IIA. IDETITIFICATIOU' OF PROBLE4 APEAS FOP STUDY

This part of the program involved research of available data from several
sources, including the Defense Do'-umentation Center, local and company libraries,
reports made available to Boeing from the Ship Structure Commnittee, and visits to
vessels under construction and in service. These visits provided first-hand
information as to use-experience problems associated with ship structure, and, in
addition, served to familiarize the authors in the language of the industry.

Based on initial discussions with the advisory group and subsequent consulta-
tions and reviews, it was determined that connections and attachments made below a
ship's waterline would be internal connections only and that nothing should pene-
trate the outer hull. However, above the waterline, where connections and attach-
ments other than welding have been proven economical and safe, such information is
in the recommnendations contained in this report.

Welding or conventional steel ship structure is discussed briefly in this
study because it is based on well-established processing knowledge. Emphasis was
placed on identifying fabrication problems in steel and aluminum structure, systems
attachments, and what is generally known as outfitting.

Based on service experience and history, it has been determined that one of
the major problems encountered in the fabrication of aluminum structure is that of
galvanic incompatibilities caused by the coupling of dissimilar metalc in the
presence of a sea-water electrolyte. The galvanic-corrosion problem manifests itself
in marny areas during initial construction and while the vessel is in subsequent use.
The areas where galvanic corrosion can be located and identified range from the
attachment of the deckhouse to hull structure and of equipment foundations to
structure. The major emphasis of this problem is to identify these areas and to
suggest alternative fabrication or attachment methods. Table 1 identifies areas
pertinent to the scope of this input and includes a brief summary of proposed
alternatives. Discussion in the remarks column is sometimes brief because of space
limitations. Additional discussion may be found in the sections of this report
referenced in the remarks column.

IIB. GENERIC FASTENER MATRIX

Mechanical fasteners are produced commercially in a wide variety of sizes,
shapes, alloys, protective finishes, and heat treatments. Their respective instal-
lation requirements vary from squeeze deform~ation to interference fits. The
current fastener inventory can satisfy a multitude of requirements, both structural
and nonstructural. These applications include fluid-tight and fatigue-rated
joints, riveted lap joints in thin structure, and attachment of systems and
equipment.

The generic fastener matrix (Table 2) lists a number of different families of
fasteners usod in the aircraft industry that have potential for application in
fabrication of ship structure. With few exceptions, these are government-approved
standard parts. In fact, several of these fasteners are already being used in
specialized applications in the shipbuilding industry.
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TABLE 2
GENERIC FASTENER AND APPLICATIONS MATRIX

..... rame Identification Alloys Characteristics and suggested applications

Solid-srank structural rivet (see Appendix H 17.6111

l-,', fd MS20426 5056 AR Characteristics
BACR15DY A-286 Primarily shear rated
MS20427M Monel Available with protective coatings
BACR15EE Ti-6AI-4V Fluid-tight processes available

Universal head MS20470 5056 Al Fatigue rated
BACR15DX A-286 Applications
MS20615M Monel Below waterline applications
BACR15EW Titanium Thin-gage applications

alloys Thin sheet lap and butt joints
Slug BACR15BD 5056 Al Structural shear and tension joints

Fluid-tigt t assemblies and bulkheads
Index head BACR15FH 2117 Al Hand-driven installations

2024-T351 Machine or yoke squeeze installations
Electromagnetic riveting

Structural blind fasteners (see fig. 2)

Protruding head NAS1398C A-286 Characteristics
NAS1398NW Monel High strength
NAS1398B 5056 Al Available with protective coatings
BB678 CRES Labor saving installations
BB352 CRES/6061 Shear and tensile rated

Flush head NAS1399B 5056 Al Locked stem-hold filling and non-hole-filling
NAS1399C A-286 Fluid tight with sealant
NAS1399MW Monel Applications
BB677 CRES Limited-access areas
BB351 CRES Thin sheet and sandwich construction
BB449 A-286 Bracketry attachments

6061 Al Temporary repairs
Closeout panel attachment

Nonstructural blind fasteners (see Appendix H 17.613)

Protruding head MS20602 5056 Al Characteristics
NAS1738 5056 Al Low strength
NAS1738 Monel Locked stern-hole filling and non-hole-filling

Flush head MS20603 5056 Al Hollow shank
MS20605 Monel Applications
NAS1739 5056 Al Nonstructural attachments
NAS1739 Monel Nutplates

Name plates

Blind nuts (see table 3)

Protruding head BN540 CRES Characteristics
BN549 A-286 Structural rated

Flush head BN360 CRES Fluid tight
BN555 A-286 Flush and protruding head

BN562 Ti-6AI-6V.2Sn Labor savings
BN158 5056 Al Applications

Three-piece system BNB 1108 A-286 High-temperature applications
BNB1109 A-286 Fuel and fluid tanks
BNB1110 A-286 Structural and bracketry attachments
BNB1111 Ti-6AI-6V.2Sn Systems attachments

_ _ Honeycomb sandwich panel attachments
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TABLE 2

CONCLUDED

Structural threaded fasteners (see figs 6 and 7)

Protruding head BUS1634 Steel alloy Characteristics
BUS1734 CRES High strength
BUS1936 Steel alloy Fluid tight (with seal nuts or sealant)

Flush head BUS1434 Steel alloy Tensile and shear rated
BUS1535 CRES Predetermined torque without torqti wrench
BUS1836 Steel alloy Various protective coatings and finishes

Removable for repair and modification

Six wing SW1050 4140 Applications
SW1055 A-286 Hiqh-temperature applications
SW2060 H-11 270 ksi Fit-up bolts for joining assemblies
SW2262 H-11 230 ksi Above and below waterline applications
SW2565 Ti-6AI-4V Deck machinery attachment
SW2855 Ti-6AI-6V-2Sn

Structural lockbolts (see Appendix H 17.634)

Flush head BACB30GQ Aluminum Characteristics
alloy Shear and tension rated

NAS1436-42 Steel alloy Fatigue rated
NAS1456-62 Titanium alloy, Fluid-tight bolts and collars available

CRES Various protective coatings and finishes
Protruding head BACB30GP Aluminum High-temperature and corrosion resistant

alloy Weight savings
NAS1446-52 Steel alloy Labor saving
NAS1465-72 Titanium Applications

alloy Limited-access applications
BACB30DX A CRES Panel lap or butt joints

Stump type NAS1414/1422 4037/8740 Bracketry and equipment support attachments
NAS1424/1434 Optional Fluid-tight joints
NAS206OV/ Ti-6AI-4V
2712V

Quick release fasteners (see Appendix H 17.634)

Protruding head BACS21 Y Steel alloy Applications
CRES Equipment covers

Flush head BACS21X Steel alloy Access panels
CRES Tension loads to 1700 lb

Shear loads to 3580 lb

Note: See text for general discussion and cited enclosures and figures for additional details.

• IMEII
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Before some of these fasteners can be used for broad applications by the
designer or naval architect, it is essential that design parameters or engineering
allowables be established for each fastener system. A wealth of data exists within
the shipbuilding and aerospace industry on the various physical and chemical
properties of these fasteners. This information is usually a part of the individual
fastener standard and is usable at "ar" in any industry.I

This degree of transferability does not always apply in the case of product
applications. These application criteria are often called design allowables,
design parameters, or design standards. They are defined as the complex body of
information that delineates the limits within which a structure can be designed.
They often include the maximum safe stress levels for a desired environment for
fasteners; allowances for structural mismatch at the time of joining; allowances
for fitup stresses; corrosion allowances; fatigue considerations; etc. In sophisti-
cated structural systems, such as large commercial ships and aircraft, they vary
widely as a function of the intended performance envelope and useful life of the
particular vehicle.

Specifically, these involve:

a) A full range of fastener sizes, lengths, and materials

b) Various types of joints

1) Single lap

2) Double lap

3) Butt

4) Fluid tight

5) High load transfer

c) Various applied loads

1) Direction

2) Magnitude

3) Frequency

d) Environment

1) Thermal considerations

2) Corrosion-prevention requirements

3) Material compatibility

4) Material properties

e) Structural life requirements

1) Stress limitation, corrosion
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2) Fatigue limits

3) Stress concentration factor

f) Structural maintainability and repairability

1) Tooling required for installation

2) Tooling required for maintenance

3) Accessibility after assembly

g) Safety margin and fail-safe requirements

h) Hole tolerances

1) Fastener fit

2) Fastener installation

3) Fastener repair/replacement.

For nonstructural attachments and joints, not all of the above considerations
would come into play. These are included and referenced primarily to structural
joints as would be found in hull-plate-to-stiffener or bulkhead-to-framing joints.

This body of information has been developed in the aircraft industry over a
period of several years. It is in the form of design manuals, process specifica-
tions, and manufacturing manuals. This information is subject to varying degrees of
transferability to the design of ship structure for reasons previously delineated.

The problem encountered in transferring design allowables from one industry
to another are typified by the following: Whereas the allowables for coldworking of
fastener holes in 2000- and 7000-series aluminum alloys would be directly trans-
ferrable, the allowables for coldworking holes in 270-300 ksi steel would not be
usable for the weldable alloys usually used for ship structure. It would be neces-
sary to conduct a series of fatigue and corrosion tests before coldworking of holes
in low-strength steel could be used. Obviously, in situations where the same
alloys, loading parameters, and service environments are involved, the allowables are
directly transferrable.

IIC. MECHANICAL FASTENING AND HOLE PREPARATION

Mechanical fasteners have been with us since the earliest days of shipbuilding
and can be expected to be with us in the foreseeable future. Most of the implementa-
tion of advanced joining techniques in the fabrication of current airframe
structures has been in the category of detail part and subassembly manufacture.
These new processes offer significant advantages; however, they often require more
stringent in-process control, new equipment, and facilities and are more efficient
for shop environments in contrast to field application.

As other subassembly fastening systems (such as bonding) gain wider accept-
ance, mechanical fasteners will still have many applications in final assembly
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joining and attachment of equipment and systems. Mechanical fastening is cost
effective, can usually be performed with low-cost assembly tools, and is forgiving
of tolerance accumsulation between sections to be joined.

At one time, spot welding of skins to stiffeners was widely used in the air-
craft industry. As reliability, performance, repairability, and service life
requirements become more stringent, it was determined to be more effective to
change to riveted and/or bolted structure. It appears that, some day in the future, -

the airframe will be bonded.

Mechanical fasteners have undergone a continuous evolution to keep pace with
changing requirements. In fact, there is such a wide assortment of fastener types
and designs available that care must be exercised to avoid the proliferation that '

comes from using a variety of fasteners for duplicate applications.

The Boeing Company is currently undergoing standards revisions to eliminate
much of the fastener proliferation that has occurred. Fasteners that are no longer
recommended for future design or current maintenance are being removed from
inventory.

The Chrysler Corporation has recently reduced the number of different fasteners
in its inventory fromn 3500 to the use of only 50 options. An internally generated
fastener manual for designers consists of three main sections: general guidelines
for fastener selection; a listing of preferred structural fasteners; and a listing
of preferred nonstructural fasteners (Reference (1)). Metrification is another
factor that should not be ignored in activities relating to the standardization of
fasteners.

Methods that could be employed to control proliferation are (1) design
standards, (2) central control of purchasing of fasteners, (3) controlled increments
of grip length and diameter, (14) use of standard sizes, (5) use of coarse threads
for fasteners over 1/4-inch diameter and fine threads for smaller diameters, and
(6) standardize fasteners to one alloy for each application.

Mechanical fastening systems, per se, have as many potential applications as
there are fastener types.

FASTENER STANDARDS

Standards describing fastener types and their properties include: Military Spec-
ifications (MS), Society of Automotive Engineers (SAE), National Aerospace Standards
(NAS), and Army/Navy Standards (AN). In addition to these standards, there are indi-
vidual company standards and specifications, such as the Boeing BAC standards and
proprietary fasteners of various manufacturers. Several examples of these standards
are shown in Figures 1, 2, and 3.

The AaembZy D Irectomj and Hlandbook, published yearly by Hitchcock Printing Co.,
Wheaton, Ill., is a specifications guide and technical reference that is of invaluable
assistance to design and assembly personnel. It contains lists of standards and pro-
ducts available from absorbers to zippers. Complete sections on fastener standards and
specifications (NAS, MS, AN, etc.) are printed as are manufacturer names (Reference (2)).
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DRILLING FASTENER HOLES TBRU BRALEB "IN[YCOMB FOR ATTACHING WING PANELS
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FIG. 5 - SQUEEZE YOKE RIVBOLT INSTALLATION ON 747 SPAR
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Another magazine published biweekly by Penton Publication, Cleveland, Ohio, is
the Machine Design Magazine. This Journal features periodic reference issues devoted
to fastening and joining and several other specific fields and areas of application.
The reference issue reviewed for this report contains articles and technical litera-
ture on products ranging from screws, bolts, and studs to special-purpose fasteners

such as spring clips and self-sealing fasteners.

FASTENERS: TYPES, APPLICATIONS, AND INSTALLATIONS

Fatigue-rated structural fasteners are available with straight and tapered
shanks, flush and protruding heads, many alloys ranging from aluminum to titanium,
and with several types of corrosion-preventive coatings or electrodepositions that
can be applied to provide a fluid-tight condition.

Installation conditions include: Interference fits, net fits, clearance fits,
and taper hole/shank interference fits. Holes can be precision drilled and reamed ;
or broached, then coldworked to increase fatigue resistance.

Fasteners can be installed by squeeze operation, pull or push operation, or
slip-fitted into a hole. Fastener retention is maintained by a torqued nut, a
swaged collar, or by deforming the fastener.

Installation processes vary from fastener to fastener, depending on the appli-
cation and stress limitation. Drilling equipment required to produce holes varies
in price depending upon the size and quality of the hole required. For example, the

Omark-Winslow HS-2 drilling unit averages $1,500 per unit (Figure 4). This drilling
unit has very close tolerance and depth stop capabilities, and its use is intended
where less sophisticated units are not adequate. They also manufacture large-
cpacity hydraulic drill motors.

Fastener installations are normally one- or two-man operations. The installa-
tion of titanium RivBolts in the 747 spar is shown in Figure 5. The C-yoke is
semiportable and requires a spring balance for handling; however, smaller units are
available. Equipment costs are generally low. Maintenance and repair are also low.

A matrix of typical fasteners is included with this report (Table 2). It is
intended to serve as a guide in selecting fasteners for application in various
structural and nonstructural assemblies. A few examples are discussed in the follow-
ing paragraphs.

BUS Fasteners. The Hi-Shear Corporation began marketing a proprietary family
of marine fasteners during the 1960s. The BUS Hi-Lok fastener (Figure 6) is a two-
piece, high-strength, torque-controlled, threaded structural fastener designed
specifically for naval and commercial ship construction. The BUS Hi-Lok consists of
a high-strength marine-type bolt; a high-clamping nut with a wrenching hex torque-
off feature for torque control; and matching lightweight, air-driven, installation
tooling with Hi-Lok adapters designed for minimal clearances. This system is
designed to provide hole-sealing capability. The manufacturer claims the BUS Hi-Lok
system exceeds the vibration requirement of Mil-Std-167 and the strength requirement
of Mil-B-23470. The Hi-Shear Corporation offers a marine fastener system booklet
that contains this information.
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Six-Wing Fasteners. The six-wing fastener system is also available for high-
tensile strength applications (Figure 7). These fasteners have a unique protruding
torque head and are available for tersile or shear applications as well as high
temperatures. The six-wing series is available in several alloys with tensile
strengths from 160,000 to 240,000 psi. This fastener is designed for joints
requiring high clamp forces, high tensile strength, and fatigue resistance. The
attachment of machinery to the deck or the engine to the engine support mounts are
examples of potential uses. The unique wrenching feature facilitates bolt removal
when replacement or repairs are necessary.

Blind Fasteners. Several proprietary systems of blind fasteners and blind
nuts are available from several sources (Tables 3, 4, and 5). These are available
in flush and protruding heads as well as various alloys and heat treatments (see
matrix). The distinguishing features of each fastener vary and depend on design or
intended application.

Tables 3, 4, and 5 indicate representative fasteners and are not included as
single sources or types. As an example, the Voi-:;h.n Visu-Lok is available in cor-
rosion-resistant steel, a flush-head configuration, and can be used for panel
closeout.

Lockbolts. In addition to the fastener systems mentioned, there are several
lockbolt systems available for consideration. Lockbolts come in various configura-
tions, such as flush and protruding heads, several alloys ranging from aluminum to
titanium, various protective finishes, and are used for structural joints in ten-
sion and shear applications. Past naval applications have included use of steel
protruding-head lockbolts for attachment of the deckhouse to the deck via a lap
joint formed by the deckhouse and steel deck coaming. The manufacture of aircraft
requires the installation of lockbolts in many areas. Structural applications
include attachment of window and hatch reinforcing doublers and stiffeners in the
body sections. Primary structural applications include installation of the wedgehead
lockbolt on the aerodynamic surfaces of the wing to make the wing skin/stringer
joint and for high-shear load-transfer joints or skin splices.

Rivets. Rivets are available in a variety of alloys, heat treats, coatings,
and head configurations, a few of which are shown in Appendix H1. Those listed in the
matrix are fatigue rated and fluid-tight rated for structural applications. Rivets
can be installed in thin sheets (less than 1/8 inch) and thick lap or splice joints;
do not require tight hole tolerances; and are easily insta.led by hand-driving,
machine-riveting, electromagnetic-riveting, and portable squeeze-riveting processes.
Rivets can be installed in plain holes for interior structural applications or into
countersunk holes for exterior, below-the-waterline, structural applications.
Squeeze operations are generally throat limited, depending on application. Riveting
the longitudinal framing on ndular units and hull plates would minimize distortion
of the structure caused by continuous seam welding. Splice-butt joints, similar to
those in aircraft wing structure, could be applied to primary hull structure
(Figure 8). An example of hand riveting is shown in Figure 9 and of numerically
controlled (N/C) machine riveting in Figure 10.

Modularized or "Jumboized" structure could be mechanically fastened with
fatigue-rated fasteners in preassembled units. Attachment of internal structure and
ribbing could I-- facilitated by portable rivet-squeeze units, thus eliminating the
need for welding "all around" in aluminum structure.
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TABLE 4
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Nitinol. The Navy-developed Nitinol alloy offers promise as a riveting mate-
rial. Composed of nickel, titanium, iron, and cobalt in various percentages, Nitinol
can be formed to a configuration, chilled, and reformed to allow easy installation.
Upon warming, the Nitinol assumes its original formed configuration. Nitinol is
currently being used commercially in tubing fittings and blind fasteners. Grumman
Aircraft is conducting an evaluation program on Nitinol fasteners (Reference (3)).

Drilling Equipment. Rivet installation in large panel areas, such as hull
plates, can be placed on a production basis with the implementation of equipment
similar to the Omark-Winslow track drill and the Boeing electromagnetic riveter
(EMR). Several sources are available for various sizes of portable air and hydrau-
lic power driven feed drill units that are equipped for speeds and feed rates for
steel, aluminum, or titanium.

The track drill (Figure 11) is designed to repea~edly produce close-tolerance
plain and countersunk holes. This unit travels in a vertical or horizontal motion,
is self-indexing, and has a clamp force adjustable up to 1,500 pounds. The drill
unit requires the attachment of a removable and reusable track and one hole initially
for starting. This unit is compatible with a number of fastener systems such as pre-
cision interference pins, conventional rivets, or lockbolts. The approximate cost of
the track drill is between $8,000 and $30,000, depending on the quantity and special
features. A prototype unit has been tested and found practical. Plans defining the
performance requirements for a production unit are being made.

Electromagnetic Riveting. Electromagnetic riveting (EIR) is a high-velocity,
single -impact riveting process that converts electromagnetic energy into rivet form-
ing energy. The F24R equipment (Figure 12) consists of a power pack and two, semi-
portable, hand-held rivet guns with special power transmission cables, interconnecting
air systems, and power pack. As compared to large automatic hydraulic riveting machines,
the FIEB equipment is substantially lower in initial procurement cost and, furthermore,
features quieter operation and reduced floor space requirements. As compared to con-
ventional hand gun driving, E24R is far superior in quality and repeatability while
the noise level is reduced by several magnitudes (see Table 6). Standard available
aluminum and titanium as well as steel rivets can be used with the EIR process, and
rivet installations are uniform and repeatable with an extremely low rejection rate.
The lower equipment cost (approximately $100,000 for a complete system plus spares)
allows more flexibility in manufacturing rate.

Because of the applied dynamic impact principle in the EMR process, rather than
the static force application in hydraulic machines, the EIR guns can be handheld or
incorporated in a lightweight truss-frame type of structure with practically
unlimited throat depths.

The EMR process was initially developed by The Boeing Company for riveting por-
tions of the large Boeing 747 wing panels, which could not be reached by automatic
riveting machines. The EIR process, however, is generally applicable to any structural
design where fluid-tight, fatigue-critical, and/or large-diameter fastener installa-
tions are a requirement. EI4R should not be confused with electromagnetic forming.
Both use electromagnetic energy to accomplish work. EM forming uses a single coil
and rigid backing plate, whereas DIR uses tvo series coils that deform or upset the
rivet placed between them.

The EMB system is composed of a capacitor bank and two coils, each abutting
against a copper-faced driving ram. The coils are contained in tvo separate hand-
held EMR guns. The work cycle consists of charging the capacitor bank to a preset
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TABLE 6

INTERFERENCE PROFILES-HAND DRIVEN-EMRa

* *~0 .00; aleO

1 0 ve atRie

INI TtL ,A T W. INSTALL A ION O

A Ivm Iev It I. '. .m IT

EQIPEN/ROES CMARSOS Large Automatic PMnuolI EMR
EQUPMET/POCSS OMPRISNS Riveting Machines Riveting

Fatigue Rated Capability ................ Excellent Good Excellent

Noise ............................... High Very High Lo~w

Maximum Practical Aluminum
Rivet Capability ........................ 1/2"dia. 3/8 Id ia. 5/8"-3/4'dlia.

Panel Size Capability .................... Limited Unlimited Unlimited

Cosmetic Quality ....................... Excellent Poor Excellent

Reject Probability ....................... Low High Very Low

Structural Distortion/Damage Probability . Low High Law

System Maintenance ..................... High Very Low Low

Maximum Rivet to Rivet Rate ( 3/8"da. ) 7/minute A/minute 20/minute

Direct Labor Ratio ...................... 0.85 2.1 1.0

Procurement Cost ........................ Very High Minimal Relatively Low

Operator Fatigue ........................ Low Very High Law

aRepirflte from EMR brochure.
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TABLE 7

EMR TECHNICAL INFORMATION-BOEING 747 PRODUCTION SYSTEM a

Maximum Proven System Capability ( Fatigue Rated Interference Profile

Aluminum Rivets.................................... 3/8" diameter x 1" grip
Titanium Rivets ( Beta Ill )........................ 1/4" diameter x 1/2' grip
Stainless Steel Rivets ( A-286 ) ................... 1/4" diameter x 1/2" grip
Deformation Time ................................... 5 x 10- Secoyid
Deformation Energy.................................400 Ft. - l bs. (Equ ivalIe nt to 30, 000 l bs.

static force.)

Power Pack
Maximum Stored Energy Rating...................... 6500 Joules

Energy Requirement (3/8" dia. Alum. Rivet) ... 2600 Joules ( 3800 Volts)
Maximum Charge Voltage .......................... 6000 Volts
Maximum Cycling Rate ............................. 20 per Minute
Input Requirements

Electrical..................................440 Volt - 3 phase
Air ......................................... 90 psi

Dimensions ......................................... 36" wide x 48" high x 60" long
Weight ............................................. 2800 pounds

Hand Guns
Body Size........................................... 6-1/2" dia. x 15-1/2" long
Overall Length.....................................23-1/2"
junction Box Protrusion ..................... ....... 6"
Recoil Mass ( Internal ).............................45 pounds
Total Gun Weight (each )......................... 75 pounds ( Used with counter balance)

Gun Power Cables
Type ............................................... Multiple Low Inductance Coaxial
Minimum Bend Radius ............................... 10"
Protection ........................................ Individual coaxial insulation with armored

sheathing plus neoprene sheathing.
Length............................................ Cables are custom designed for specific

applications as part of a " tuned " circuit.

Coils
Dimensions........................................ 5" dia.x 3/4" thick

Fife ( Driving 3/8" dia. Alum. Rivets )............ Over 10, 000 shots

gRepinted~ from EMR brochure.
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voltage level, followed by a rapid discharge through the series-connected coils.
Synchronized by the current, the guns produce electromagnetic forces on the drivers,
rapidly forming a rivet with equal and opposite forces (see Table 7). The EMR process
can be used with several commercial rivet configurations and is not dependent upon
high-cost proprietary fasteners. The cost of producing holes for the EMR is lower
than with other fasteners such as lockbolts and requires a less expensive fastener.

EMR when used in conjunction with the track drill, affords a cost-effective
production capability for structural fastener installation (Figure 13) but is capable
of functioning independently. Advantages of EMR are:

a) Proven performance in production of Boeing 747 wing panels

b) A high-rate installation capability (up to 20 rivets per minute)

c) Built-in repeatability and quality assurance

d) Interference profiles in thick material stacks not achievable with
other riveting processes

e) Rivet head uniformity

f) Low-noise operation

g) Minimum operator fatigue

h) Low operator-skill requirement

i) Rapid change, conventional rivet dies

J) Relatively low capital acquisition cost

k) Minimum floor space requirement

1) Balanced impact forming of rivet to minimize structural distortion

m) Growth potential for larger rivet installation and bolt replacements

n) Manufacturing rate flexibility.

Cold Expansion Sleeve System. Under applied load conditions, each hole has
associated with it a region of stress concentration where the applied stresses are
magnified from two to three times their normal value. Hole expansion by coldworking
successfully reduces the effect of this stress concentration by causing compressive
radial stresses to remain around each hole. These residual compressive stress fields
effectively prevent part failures from originating at the holes.

The cold expansion sleeve system (Figure 14) is a Boeing-developed process used
for increasing the fatigue life of metal structures (aluminum, titanium, and steel)
by causing compressive residual stresses around the fastener hole. The system consists
of the radial expansion and sizing of fastener holes to achieve greatly improved
fatigue performance while simultaneously reducing installed-fastener cost through the
flexibility provided in fastener selection. Low-cost fasteners can be used in cold-
worked holes without reducing the fatigue rating. Rivets or lockbolts can be used
instead of more expensive fatigue-rated fasteners.
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Radial expansion of the fastener hole is achieved by pulling a hardened steel
mandrel through a patented prelubricated sleeve using either a power or manual puller
(Figure 15). Once coldworked, the sleeve is removed and the fastener is installed.
"he cold expansion sleeve system can be used with several different fasteners, includ-
ing lockbolts and conventional rivets. For close-tolerance or interference-fit
precision-shank fasteners, it is necessary to ream or broach the hole to size after
coldworking.

Drawing the mandrel through the split sleeve causes a radial plastic flow of
metal. Compressive stresses will be found surrounding the coldworked hole for a
distance extending approximately one radius from the edge of the hole. This compres-
sive stress region provides fatigue protection for a fastener hole. The compressive
residual stresses oppose the applied tensile stresses and act as an obstacle to the
initiation and growth of fatigue cracks.

The distance from the edge of the coldworked hole that the compressive residual
stress extends depends upon the amount of hole expansion. Extensive testing has been
conducted to determine the optimum expansion range that occurs during coldworking.

The cold expansion sleeve system has a number of advantages: (1) It allows
greater expansion of fastener holes than previously used methods, (2) the process
produces a controlled amount of coldworking, (3) use of the prelubricated sleeve
reduces problems of galling and tool breakage, (4) all work can be accomplished by
one man from one side of the structure. The sleeve process is for a high degree of
coldworking (large radial expansion), but a straight mandrel process is also avail-
able. A solid, one-piece, tungsten carbide mandrel is being used to coldwork holes
in high-strength steel (300 ksi) on the 747.

Honeycomb and Sandwich Panel Fasteners. Lightweight nonstructural bonded panels
are being incorporated into shipbuilding. This type of structure requires special
fasteners and installation techniques for attachment of support equipment and panel
installation.

Honeycomb sandwich structure provides optimum strength-to-weight ratios as well
as thermal and acoustic insulation. Methods of joining sandwich panels and making
attachments to sandwich panels vary considerably.

Fasteners for sandwich or honeycomb structure are available commercially from
several manufacturers such as the Shur-Lok Corp.; Voi-Shan, a division of VSI Corp.;
or the Delron Co., Inc. Table 8 is an example of sandwich panel fasteners from the
Delron Company, Inc.

Before selecting a fastener, load considerations must be made for tension, shear,
or torque loads. The type of adhesive used in the sandwich and the physical properties
of the sandwich must be known. Once these questions are answered, the designer can
choose the suitable fastener. Additional considerations for proper fastener selection
should include:

a) Type and size of fastener to be used

b) Blind or through-hole fastener

c) Flush or protruding head
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d) Torque requirement of threaded types

e) Fastener material

f) Environmental temperature

g) Molded-in or mechanical connection

h) Fastener and sandwich material compatibility.

115. EXPLOSION BONDING

The explosion bonding process of joining dissimilar metals was first developed
for the chemical and aluminim processing industries. Its potential for marine appli-
cations was recognized by Naval architects a:.d manufacturers of the material. Exten-
sive testing ro determine the physical properties and corrosion resistance of the
clad materials has and is being conducted.

Increased use of electronic equipment aboard ships for communication and naviga-
tion and the demand to lower topside weight, increase maneuverability, and reduce
ballast led to the introduction of aluminum superstructures. Initial installation
techniques used lockbolts and sealants. As this method proved unsatisfactory, the
clad materials have been implemented as transition joints between the aluminumw deck-
houses and steel decks. Known as bimetallics and trimetallics or transition inserts,
these clad materials have been used in some shipyards. These materials are being
designed into new ships in other applications.

Physical and mechanical properties of these materials, as well as several
proposed applications, are elaborated upon in this section of the report.

The explosive bonding process was developed by E. I. du Pont de Nemours and
Company in the late 1950s. Several years of extensive laboratory testing were con-
ducted, ultimately resulting in commercial production of corrosion-resistant clad
metals designed primarily for the chemnical industry.

The procedure for achieving an explosive bond consists basically of placing
the cladding plate above and parallel to a base plate. An explosive charge is then
placed over the entire surface of the cladding plate and detonated from one end.
The detonation travels at a rapid rate, up to 28,000 feet per second, generating an
estimated pressure of 4,000,000 psi in the vicinity of the detonation (Figure 16
and Reference (4)).

The interface formed by the impinging metal causes a fluid-flow phenomenon or
"Jetting"t . The jetting that occurs removes oxides and foreign materials between the

two plates. The resulting metallurgical bond is of a strength greater than the weaker
of the two sheets. Hundreds of metals have been clad or bonded either to similar or
dissimilar metals (Tables 9 and 10 and Reference (5)). Many of those listed in the
tables were fabricated in small strips and samples to establish feasibility and are
not available commercially. Other materials were clad but not reported for proprie-
tary or classified reasons or for not being applicable to ship construction.
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Dtn- Explosive

Cladder plate

Backer plate

FIGURE 16

SCHEMATIC OF EXPLOSION BONDING PROCESS ILLUSTRATING JETTING
PHENOMENON WHICH REMOVES OXIDES AND FOREIGN MATTER

FF "M SURFACES BEING JOINED

TABLE 9

METALS THAT HAVE BEEN EXPLOSIVELY BONDED TO THEMSELVESa

Ferrous metals

Low-catbon steels 1004-1020 Stainless sti.el 17-7PH
Medium-carbon steel ASTM A-285 Stainles steel type 301
Medium-carbon steel AS-M A-201 Stainless steel type 304
Medium-carbon steel ASTM A-212 Stainless steel type 321
Low-alloy steel ASTM A-204 Stainless steel type 347
Low-alloy steel ASTM A-302 Maraging steel, 18% nickel
Low-alloy stel ASTM A-387 Ductile cast iron
Alloy steel AISI 4130
Alloy steel AISI 4340
Stainless steel type 200 series

Nonferrous metals

Aluminum 1100 Nickel
Aluminum 2024-T3 and -0 Titanium- commercially pure
Aluminum 2214-T6 Titanium-6AI-4V
Aluminum 5083-H24 Titanium-5A1-5Sn-5Zr
Aluminum 6061 -T6 Titanium-8A-1Mo-1V
Aluminum 7178-0 Titanium-13V-1 1Cr-3AI
Aluminum 7075-T6 Zinc
Aluminum 1100/1.5 lithium
Copper
Brass
Cupro-nickel
Bronze
Beryllium copper

aExtracted from DMIC document 225, Explosive Bonding, Linse, Whitman,

and Carlson, Battelle Memorial Instilute

i - m - - m
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TABLE 10
DISSIMILAR METAL COMBINATIONS THAT HAVE BEEN EXPLOSIVELY BONDEDa

Low-carbon steels 1004-1020 to: Low-alloy steel, ASTM A302 to:Stainless steel-ferritic Stainless steel type 410
Stainless steel-300 series Stainless steel-ferritic
Stainless steel-200 series Stainless steel-300 seriesDuctile cast iron Stainless steel-200 seriesMalleable cast iron Aluminum and aluminum alloys
Aluminum and aluminum alloys Nickel and nickel alloys
Copper Titanium and titanium alloys
Brass Alloy steel AISI 4130 to:
Cupro-nickel Stainless steel-300 seriesNickel Aluminum 2014-T6 and -T3
Zinc
Titanium Alloy steel AISI 4340 to:

Medium-carbon steels ASTM A-201 Stainless steel-300 series
and A-212 to: Maraging steel to:

Stainless steel-300 series Stainless steel-300 series
Stainless steel-200 series Hadfield steel to:
Aluminum and aluminum alloys Aluminum and aluminum alloysCopperBrass Stainless steel-200 series to:

Cupro-nickel Low-carbon steel AISI 1004-1020
Bronze Medium-carbon steel ASTM A-285
Nickel and nickel alloys Medium-carbon steel ASTM A-201Titanium and titanium alloys Medium-carbon steel ASTM A-212
Titanium 35A Low-alloy steel ASTM A-204

Low-alloy steel ASTM A-302Medium-carbon steel ASTM A-286 to: Low-alloy steel ASTM A-387
Stainless steel-ferritic Aluminum and aluminum alloys
Stainless steel-300 series Brass
Stainless steel-200 series
Aluminum and alumirum alloys Stainless steel-300 series to:Copper Low-carbon steel AISI 1004-1020Brass Medium-carbon steel ASTM A-285
Cupro-nickel Medium-carbon steel ASTM A-201Bronze Medium-carbon steel ASTM A-212
Nickel and nickel alloys Low-alloy steel ASTM A-204
Titanium Low-alloy steel ASTM A-302
Titanium-6AI-4V Low-alloy steel ASTM A-387Alloy steel AISI 4130

Low-alloy steel ASTM A-204 to: Alloy steel AISI 4340
Stainless steel-300 series Maraging steel
Stainless steel-200 series Aluminum 6061-T6
Aluminum and aluminum alloys Copper
Copper Brass
Brass Nickel and nickel alloys
Cupro-nickel Titanium and titanium alloys
Nickel and nickel alloys Molybdenum
Titanium and titanium alloys Molydenum
Hastellroy B, C, F Stainless steel type 301 to:Hasteloy XStainless steel type 347
Hastelloy X Titanium-6Al-4V

Aluminum 2219

aExtracted from DMIC document 225, Explosive Bonding, Linse, Whitman, and
Carlson, Battelle Memorial Institute
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TABLE 1O(CONCLUDED)

Stainless steel type 304 to: Low-alloy steel ASTM 204
TD nickel-chromium Low-alloy steel ASTM A-302

Stainless steel type 321 to: Cast steel
Stainless steel type 347 Stainless steel-300 seriesStainless steel-200 series

Stainless steel type 347 to: Nickel and nickel-base alloys
Stainless steel type 301 Cupro-nickel alloys to:Stainless steel type 321 Low-carbon steel AISI 1004-1020Hastelloy X Medium-carbon steel ASTM A-285
Aluminum 6061-T6 Medium-carbon steel ASTM A-201

Stainless steel-martensitic, type 410 to: Medium-carbon steel ASTM A-212
Low-alloy steel ASTM A-3870 Low-alloy steel ASTM A-204

Stainless steel-ferritic to: Low-alloy steel ASTM A-302
Low-alloy steel ASTM A-387 Bronze alloys to:
Medium-carbon steel ASTM A-285 Medium-carbon steel ASTM A-285
Low-carbon steel AISI 1004-1020 Medium-carbon steel ASTM A-201
Titanium and Titanium alloys Medium-carbon steel ASTM A-212

Aluminum and aluminum alloys to: Alloy steel 4340
Low-carbon steel AISI 1004-1020 Alloy steel A6
Medium-carbon steel ASTM A-285 Nickel and nickel-base alloys to:
Medium-carbon steel ASTM A-201 Low-carbon steel AISI 1004-1020
Medium-carbon steel ASTM A-212 Medium-carbon steel ASTM A-285
Low-alloy steel ASTM A-212 Medium-carbon steel ASTM A-201
Low-alloy steel ASTM A-302 Medium-carbon steel cSTM A-212
Low-alloy steel ASTM A-387 Low-alloy steel ASTM A-204
Stainless steel-300 series Low-alloy steel ASTM A-302
Stainless steel-200 series Low-alloy steel ASTM A-387
Copper Stainless steel-300 series
Titanium and titanium-6Al-4V Brass

Aluminum 1100 to: Titanium and titanium alloys
Titanium-6AI-4V Copper
Aluminum 1100/1.5 lithium Nickel and nickel-base alloys

Aluminum 2014-T6 to: Columbium and columbium-base alloysAlumium 214-T to:Tungsten
Alloy steel AISI 4130 Iconel X

Aluminum 2219 to: Titanium-6Al-4V to:
Stainless steel type 301 Stainless steel type 301

Aluminum 6061-T6 to: Aluminum 1100-0
Beryllium copper Titanium and titanium alloys to:
Stainless steel type 347 Medium-carbon steel ASTM A-28565% beryllium-35% aluminum Medium-carbon steel ASTM A-201
Titanium-6AI-4V Medium-carbon steel ASTM A-212
Zircaloy-2 Low-alloy steel ASTM A-204
Molybdenum Low-alloy steel ASTM A-302

Brass alloys to: Low-alloy steel ASTM A-387
Low-carbon steel AISI 1004-1020 Stainless steel-ferritic
Medium-carbon steel ASTM A-285 Stainless steel-300 series
Medium-carbon steel ASTM A-201 Maraging steel
Medium-carbon steel ASTM A-212 Aluminum alloys
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In mid-1966, development work was star.ed to produce a bimetallic transition
insert for joining aluminum bus to steel anodes and cathodes in alumimum smelting
plants. This joint used 1100 aluminum and 1008 steel.

BONDED SHEET

Recognizing the need for a marine industry application, Du Pont started develop-
ment in 1966 of a clad sheet that would facilitate attaching the aluminum superstruc-
ture to the steel deck. The resulting bonded sheet is a triclad employing alumimum
alloy 5456 bonded to A516 Grade 55 steel with a commercially pure 1100-series alum-
inum interface between the structural materials. The 1100-series alumimum makes a
significant contribution to the ductility and impact resistance of the triclad. The
resulting thickness is 1-3/8 inches. A similar product, Transition Insert, is produced
commercially by the Kaiser Alumimum Co. (Reference (6)) and Northwest Technical
Industries, Inc., of Port Angeles, Washington. The final product is a purchased item
available in sheet or strips and is not an item that requires bonding in the ship-
yards. Mechanical cutting to the desired part configuration is performed in the
shipyard.

Most commercial applications encountered to date utilize Du Pont's Detacouple/
Detaclad sheet and plate. Thicknesses range from a few thousandths of an inch to
over a foot, while the cladding metal thickness varies from 0.0001 to 1-1/2 inches
(Reference (7)). The bimetallic sheet is produced in the same manner as the triclad
but does not have the 1100-series alumimum alloy in the interface and can be of
numerous alloy combinations. Standard welding techniques available in shipyards are
acceptable for fabrication with this material. As with all inert gas welding techni-
ques, however, adequate provisions for protection from the elements should be provided.

TUBE CLADDING

Successful tube-cladding experiments have been conducted resulting in bond
combinations for tubes in the 1/2- to 8-inch-diameter range. Materials that have been
bonded include: Inconel and Ziracaloy, stainless steel and Ziracaloy, stainless steel
and 6061-T6 aluminum, stainless steel and aluminum, 6061-T6 aluminum and titanium,
and 1100 aluminum and magnesium (Reference (8)). Tubing can be clad internally or
externally, depending on the design application.

Applications for explosive bonding include tubular cladding in condenser or
heat-exchanger applications and underwater spot welding of dissimilar metals without
removing the water interface; both processes were developed by Battelle Institute
(Reference (5)). These processes afford the possibility of cladding stern tubes and
rudder stocks in aluminum or other dissimilar structure to eliminate galvanic couples.

CORROSION TESTS

Several seawater/salt-spray corrosion tests are currently under way, the most
extensive being conducted by International Nickel Co., at Wrightsville Beach, North
Carolina. In conjunction with Du Pont, several samples of the Detacouple strip were
welded to 5456 aluminum alloy and mild steel panels and have been subjected to
splash-spray tests in excess of 5 years.

A graph of the result of the unpainted sample is shown in Figure 17. Galvanic
corrosion penetration has reached approximately 0.063 inch in the unpainted samples.

- - - - -,r, _ _i i I
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Initial samples demonstrated the corrosion resistance of the bond zone. The initial
corrosion product, hydrated aluminum oxide, occupies a larger volume than the alum-
inum consumed and acts to seal the area from additional corrosion (Reference (9)).

An identical series of corrosion tests for painted samples is currently being
conducted in conjunction with the unpainted samples. The painted samples were
scratched across the bond zone to simulate localized paint failure. No significant
corrosion or pitting was noted after 27 months of continuous testing (Table 11).

MECHANICAL PROPERTIES

Mechanical property tests have been conducted by Du Pont (Table 12); Boeing
(Reference (10)); and the Naval Ship Research and Development Center (NSRDC) Ref-
erence (11). Results of these tests are documented by the respective agencies.
Results of these tests and the fatigue tests conducted by Du Pont (Table 13 and
Reference (12)), can be summarized by the following:

a) Explosive bonded samples meet or exceed the claims made by the manu-
facturers.

b) Fracture along the aluminum-to-steel interface of a composite could not
be induced by shear or tensile stress if applied evenly to both sides
of the bond on equp" and continuous areas.

c) Fatigue tests yielded no failures in the bond zone.

d) Continuous salt-spray corrosion tests and user contacts show the material
to be acceptable for use in the saltwater environment with only minimal
maintenance.

e) Use of clad materials is a cost-effective method of fabrication and in
many cases offers an attractive alternative (Table 14 and Reference (13)).

SUPERSTRUCTURE/DECK INTERFACE

One major structural area where galvanic couples have caused problems has been
in the attachment of aluminum superstructure to primary steel-hull structure. The
initial methods for this attachment involved applying primers and sealants to the
faying surfaces, fastening with steel lockbolts, and fillet sealing. This method
has proved troublesome from a maintenance standpoint as sea action has caused fasteners
to shear or loosen.

A typical installation of Du Pont's Detacouple as a transition joint for alum-
inum deckhouse to steel deck joints is shown in Figure 18 (Reference (13)).

INSTALLATION COST STUIIES

Installation cost studies conducted by Hunter's Point Naval Shipyard in 1972
reported the installation cost using Detacouple to be lower than a similar joint
made with lockbolts (Table 15). While the initial costs for first-time installation
show only a 14% savings over the lockbolt assembly method, it is their estimate and
opinion that an additional 10% saving will result from (1) reduced forming costs for
the Detacouple with the use of dies, (2) greater efficiency by mechanics as they
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TABLE 12

MECHANICAL TESTING OF EXPLOSION BONDED TRANSITION JQINTS8

Desiriptiori of test aril specimen stii en conition Results Remarks

Starritrlif! ram tensile. to,,rin 1 100 alurninum, / ili 20,000l psi tYlical olea100lmum

A 5169 b p5 steel .it.. is ultimate tensile steel interlace

As welded b 1500 n ci typical Broke at 1 100 aluminum/

ultimate tensile steel interface

xtenrtirl ram tensile. testi . trervtth of A% Olaf 18,501] ps, typirsaJl Broke in 1100 aluminum

the 1100 aluminum inter layer ultimate tensile

As welded
8
b 13,500 psi typical Broke in 1100 aluminum

ultimate tensile

Triple lug shear ASIM A 263 At clad 14.000 psi typical Shearing of the 1100
shear stress aluminum

As welded
8
b 11,000 psi typical Shearing of the 1100

shear stres.s aluminum

Welded tensile, 1/4-in thick 5456 aluminum As clad and welded 51.600 psi typical Failed in 5456 aluminum
plate welded to 1 in. transition joint ultimate tensile plate as heat-afferted
welded to 1/4-on. mild steel zone

Charpy V ASTM A 370 Specimen cut from steel portion All tests carried qut at

of clad Parallel to interfice 15* Fc
T esting A 616 steel (a) Notch in steel below bond 60 130 fl-lb

zone
fb) Sime as above but notch 70-130 if lb

at underside of steel

#ZOO lunnotchedl As-clad sample cut perpendi Tearing of aluminum No debonding or separa-
cular to plane of clad tion of the aluminurm/

1/2-in. 1100 aluminum 1.1/2-in. 1008 steel Grip on steel, impact on steel interface

Drop weight test, E-208-66T. type P-2; As clad NDT-15* F No debonding and no
1/2 in. 1100 aluminum on A-516 gr. crackt propagation into

55 steel the aluminum layer

Shear test (A-2631 after thermal cycling As clad 14,000 psi typical
between 500 F and water 18O0 F). 2500 shear strength
cycles. 1/2-ti. t1100 aluminum/1I-A/2-in.
1006 steel

ainforaion from inar Tochricifogy July 1971

b t rulted at 8009F for 1/2 hour in air to exaggerate heat during welding. Decrease in strength is due to partial annealing
of I he 1100O aluminum.

cTypisel requirement for shipboard applicatbn is 15 ts-lb at 15 0 F.
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TABLE 15

ALUMINUM DECK HOUSE FABRICATION COST ANALYSISa

Labor in manhours Estimated
Item per linear foot Boeing

Shop Lockbolt Detastrip Costs

Loft templates 11 0.09 .080 $0.09
Duplicate loft templates 11 0.08 .070 0.08
Fabricate steel coaming 11 0.17 .100 0.17
Drill holes (3/8 inch holes, 18/linear foot) 11 1.08 N/A 0.64
Install gasket material 11 0.02 N/A N/A °

Install lockbolt (18/linear foot) 11 0.90 N/A 0.02
Cut to length and bevel (Detastrip) 11 *N/A .110 N/A
Form Detastrip (radius corners) 11 N/A .067 N/A
Fit up Detastrip (align) 11 N/A .359 N/A
Fit up Detastrip (tack) 26 N/A .164 N/A
Weld Detastrip to coaming 1/4 inch 26 N/A .184 N/A
Weld Detastrip to BHD 3/8 inch 26 N/A .365 N/A
Weld tee joint (Detastrip) 26 N/A .109 N/A
Weld butt joint (Detastrip) 26 N/A .067 N/A
Weld stiffener to Detastrip (aluminum) 26 N/A .034 N/A
Drill holes (3/8 inch holes 12/stiffener) 11 0.11 N/A 0.43
Install lockbolts (12/stiffener) 11 0.10 N/A 0.01
Straight bulkhead, Detastrip welded 11 N/A .280 N/A

lotal manhours/linear foot 2.55 1.989 1.44

Labor cost at $12.00/manhour/S10.50 (Boeing) $30.60 S23.89 15.12
Material $12.60 $13.22 12.60
Total cost/linear foot $43.20 $37.11 $27.72

Savings per foot: $43.20 -$37.11 = $6.09/linear foot/S15.48 per linear foot Boeing

Note: 1. Detastrip fabrication values were obtained from direct time study of a mockup per
code 138 sketch MFI 48-72.

2. Values for lockbolt fabrication were obtained from "E" standards 383.2-0517,
0543, and 0612.

3. Boeing estimates for lockbolt installation were conducted by Industrial Engineering
and based on the production capabilities and labor cost at Boeing.

Hole preparation with Quackenbush QOA-1 Ito drill ream, countersink, and apply
SRF and install cadmium-plated sheet lockbolt in standard manhour (SMH) is:

Item Per hole Per foot Per stiffener

Hole preparation 0.0356 SMH 0.64 SMH 0.43 SMH
Fastener 0.0001 SMH 0.02 SMH 0.01 SMH

Total 0.66 SMH 0.44 SMH

N/A - Not applicable
°*N/A - Note: If two coats of BMS 10-11 H(SRF) type 1 are used, no gasket material

would be required.
alnformation extracted to include Boeing cost estimates from Hunter Point

Naval Shipyard report 2-0094, and modified
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become familiar with this fabrication method, (3) use of mechanized welding to reduce
welding cost, and (4) greater overall efficiency for all operations due to refine-
ment in production sequences and techniques (Reference (13)). It could also reduce
costs by eliminating requirements for stocking lockbolts and purchasing the tooling
required for their installation. This test represented a first-time use of Detacouple
compared to 12 year's experience using mechanical fastening techniques. Boeing Indus-
trial Engineering has conducted a similar cost analysis of the lockbolt joining
method. Using the tooling data from the Hunter's Point study, the total installed
cost per foot of lockbolts is $27.72. Use of aircraft fabrication techniques results
in savings of 36% when compared with the shipyard installation of lockbolts.

Tacoma Boat Building Company, Tacoma, Washington indicates a man-hour labor
saving of $5.00 per foot when using 345 feet of Detacouple to attach the aluminum
deckhouse to steek deck on a tuna seiner. (This figure is based on labor rates only
and does not include material cost. Cost studies indicated deckhouse fabrication
rates to be 7.3 feet per hour for Detacouple as compared to 3.6 feet per hour for
similar lockbolt installation methods.) The customer benefits from lower fabrication
costs in addition to lower maintenance requirements (Reference (14)).

MACHINERY AUID EQUIPMENT ATTACHMENT

Two areas subject to galvanic corrosion in aluminum structure involve outfitting
and systems attachments. These areas encompass everything from the mounting of deck
machinery to the attachment of nameplates and operating instructions.

Due to strength considerations, cost, and availability, most deck machinery is
fabricated from steel and iron. While this does not present a problem in conventional
steel ship construction, it does compound problems when the same equipment is attached
to aluminum structure.

The current method of attaching steel deck machinery and related equipment to
aluminum structure requires the use of primers, leaded paints, neoprene gaskets,

sacrificial pads, phenolic bushings, and liberal applications of sealant around joints.
This method is not only time-consuming, costly, and inefficient, but also requires
repeated applications when sacrificial pads corrode or paint and sealant are damaged.

An alternate method to this approach, still allowing the use of conventional
deck gear, would be to use the bimetallic sheets as pads to interface the steel
machinery to the aluminum deck. With this approach, the deck machinery could be
welded or mechanically fastened directly to the deck through compatible materials
and would not require costly maintenance. Several suggested applications of explo-
sion bonded materials are shown in Figure 19.

The Alcoa deep-reaching oceanographic research vehicle, Seaprobe, uses Deta-
couple mounts to attach equipment supports to the aluminum structure.

Northwest Technical Industries, Inc. (NTII) is currently working with Boeing to
produce a reinforced explosive-bonded aluminum skin for the Space Shuttle program.
Eight by 10-foot sheets of 2219 aluminum have had 12-inch-square plates of 2219
aluminum explosively bonded in places where cutouts will be made in the skin. These
plates serve as reinforcements and eliminate the need for steel reinforcing doublers
or thick plate sculpturing and machining.
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NTII also produces chill bars used for welding thin-gage aluminum by explosively
bonding copper and aluminum. Thinner copper blocks are used over the standard solid
copper block, thus lowering the cost of the chill bars.

The current design and development effort by Pittsburgh-Des Moines Steel and
General Dynamics to fabricate liquid natural gas tankers uses Detacouple in attach-
ing the steel support skirt from the primary structure to the 25,000-cubic-meter
aluminum LNG spheres (References (15) and (16)).

IIE. ADHESIVE BONDING

The demand for high-performance military aircraft, reliable commercial transpor-
tation, and strong lightweight space vehicles has hastened the development of light-
weight, high-strength-to-weight-ratio honeycomb sandwich panels and structures.
Bonded honeycomb sandwich materials are incorporated into aircraft as flight con-
trol surfaces (flaps, ailerons, and rudders), as acoustical attenuating structures
on turbine inlet and exhaust ports, or as insulating walls of cyrogenic tanks of
space vehicles.

Information on the thermal properties, structural limitations and applications,
and fatigue resistance of adhesive-bonded structure is available through government
agencies such as the Air Force and NASA. Sections of the Boeing Design Manual, Sec-
tion 26, on adhesive bonding have been included with this report for reference
(Appendix I).

The state of the art in adhesive bonding in the aerospace industry has progressed
significantly in the past 20 years. Advances in polymer chemistry have made possible
the development cf new adhesive systems with high strengths, good environmental resis-
tance, excellent ranufacturing properties, and moderate costs. The ultimate perfor-
mance of the adhesive systems are highly dependent on the surface preparation process
of the mateainls to be bonded. Materials such as wood, GRP, or glass may be prepared
for bonding by a simple solvent wipe and/or light abrasion. Consistent, high-quality
bonds in metal surfaces normally require a chemical-immersion-type prebond treatment.
The state of the art of surface preparation for aluminum is far more advanced than
for other metals such as steel, titanium, or magnesium. (The highest percentage of
adhesive-bonded structures in aerospace applications involve aluminum alloys.) New
full-curing chromated adhesive primers allow long-time storage (up to 12 months) and
handling of parts to be bonded before final curing; they also provide much improved
environmental resistance in the bond faying surfaces. Although bonding directly to a
steel surface is not generally considered a good adhesives application, bonding to a
chromated primer on an abraded steel surface should provide acceptable results for
secondary structural applications.

Adhesive bonding of steel has not received as great an emphasis because of its
lower strength-to-weight ratio as compared to aluminum or titanium. In general, low-
carbon steels are normally sand-blasted or vacu-blasted with aluminum oxide particles
to remove lubricants and scale prior to bonding. As indicated above, a good chromated
primer may then be applied or if the adhesive system to be used has a primer system
of its own, it should be applied. The more common adhesives like the epoxies, phenolics,
nitrile-phenolics, etc., normally have primer systems that provide better wetting of
the surfaces to be bonded. Considerable evaluation of chemical treatment of steel to
prepare the surface for bonding has been performed recently, primarily on AISI 300-
series stainless steel, but also on low- and high-carbon steels and high-strength
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alloy steels. Most of the treatments are satisfactory for bonding where the stress
levels are quite low and are pointed primarily at nonstructural applications such as
rub strips and fire shields. To bring the confidence level in bonded steel up to the
level that prevails for aluminum, an extensive test program would be necessary. Such
a program must consider surface treatment and long-term exposures (15-20 ,000 hours)
in high humidity and salt spray and also at intended operational temperatures. The
bonded specimens should be exposed to the various environments while under stress to
obtain the most meaningful results. This type of testing necessarily is expensive and
requires an extended test schedule.

Adhesive bonding can be considered as a fastening technique for noncritical,
structural applications, especially on the newer type ships such a hydrofoils and
surface-effect vessels where aluminum structures are more common.* Even on steel struc-
tures, however, adhesive bonding can be used to an advantage over classical welding or
mechanical fastening techniques, especially where dissimilar materials are involved.
The adhesive provides an excellent barrier between the dissimilar materials to prevent
galvanic corrosion. Two-part adhesive systems can be used to provide very short cure
cycles--as short as 2 minutes--or thermosetting materials can also be used with short
applications of heat in the 3000-40o F range for cure. Bonding pressure can be sup-
plied through mechanical clamping devices, simple vacuum bagging techniques, or
through clamp-up pressure supplied through the use of bolt-type fasteners that can
be removed after the adhesive is cured or be retained in the assembly. For example,
the flanges on noncritical duct work or piping can be bonded together when they are
installed. Either two-part or thermosetting adhesives can be used. If a thermosetting
adhesive is used, heat lamps or an electric blanket or heated pads on mechanical
clamps can be used to cure the adhesive. Pressure can be supplied through clamps or
fasteners through the flanges. The fasteners can be removed after the adhesive is
cured or left in place unless dissimilar materials are involved and then could still
be used if some dielectric jacket material were used to separate the dissimilar
materials. Bond strengths from 1,000 to 5,000 psi in shear or rlatwise. tensile can be
developed, depending on the specific adhesive materials used and/or the particular
means of cure and pressure application.

Generalized statements on adhesive applications cannot be made. Each particular
type of structure, material combination, fabrication sequence, etc., requires indi-
vidual consideration to obtain the optizmum physical properties from the materials as
well as the most economical cost.

With the exception of the chemical processing requirement for surface prepara-
tion of aluminum, most two-part adhesives and the fast-curing thermosetting adhesives
can be handled and applied in normal shipyard conditions. Personnel working with the
adhesive materials must be trained in their handling, application, and curing. Writ-
ten instructions alone should not be considered adequate.

Another consideration for adhesive bonding as a fastening technique is the join-
ing of noncritical structural parts rather than welding or using mechanical fasteners.
For example, nonstructural. bulkheads fabricated as skins with welded or riveted
stiffeners could be changed to adhesive-bonded stiffeners or have honeycomb sand-
wich structure substituted in their place. In addition to bulkheads, modular-type
divider panels in crew quarters or office spaces on large ships, partitions in heads,
galley cabinets, decorative interior panels, and some types of floor structure all
lend themselves to bonded sandwich-type structures. This is especially true in alum-
inum structure. It is also assumed that the newer surface-effect ships or hydrofoil
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ships are more weight-critical than some of the larger, steel-hulled ships, and the
higher strength-to-weight ratio of bonded sandwich structure could prove advantageous.

Since many of the newer ship designs are powered by gas turbine engines, sonic
fatigue of the structure closely adjoining the powerplants can be a problem. Bonded
structure is often superior in sonic fatigue resistance compared to conventional
structure. Tnterior paneling, whether decorative in nature or as nonwatertight bulk-
heads, can be fabricated from bonded sandwich and be both light in weight and low in
cost. Also associated with the gas turbine powerplants is consideration of acoustical
treatment of both the inlet and exhaust areas to lower the powerplant noise level as
much as possible. Bonded acoustical sandwich panels have not become very widely used
on commercial jet aircraft in structural areas due to the permeability of adhesives to
moisture. Here again, generalized statements about the overall applicability of the
bonded structure is usually not feasible from a cost standpoint, since more tooling is
normally required than would be needed for welded or riveted structure. An exception
would be the application of standard module sizes for bonded partitions, but if some
amount of duplicate production is involved, then tooling costs of bonded structure
can be amortized. Consideration of each structure must be analyzed on an individual
basis.

If studies show definite cost or installation advantages for bonded structures,
related studies should be made to determine whether subcontracting the fabrication is
more cost effective than equipping existing shipyards to fabricate on site. The deci-
sion to make or buy finished honeycomb sandwich structure is one of economics. The
size and quantity of parts will determine the physical plant dimension required to
fabricate bonded structure. In addition to this, the personnel needed to provide
finished parts are of skills not commonly found in shipyards and would have to be
trained. In-process controls and the necessery nondestructive test equipment will
have to be included in the final analysis. The equipment required for a typical bond-
ing facility for aluminum structures is shown in Appendix D.

IIF. WELDING

The advancements made in the art of welding ships are historical and well doc-
umented. It is sufficient to say that advances in welders, automated panel fabrica-
tors, and welding equipment and improvement of flame cutting techniques have advanced
the state of shipbuilding severalfold. Numerous publications on cost and time savings
studies have been conducted to establish the merit and economics of the afore-
mentioned equipment, so further elaboration on these advancements will not be made
here.

DISTORTION

One problem causing considerable difficulty and expense to shipbuilders is
distortion caused by the welding of thin plate in secondary structure. Some ship-
builders design for heavier plate than structurally needel to reduce distortion
problems. This practice may prevent some of the distortion, but its effect of adding
additional weight, fabrication, and material costs would seem to open considerations
of alternate approaches. Proposals for using riveted points in thin plate have been
discussed in the mechanical fastening section of this report and will not be reiterated
here.
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FRICTION WELDING

Interest has been expressed in using friction-welding techniques to projection-
weld studs in aluminum structures. As a result of investigation, the friction-welding
techniques are not recommended. The required thrust value to friction weld a 1-inch-
diameter bar of 6061 aluminum is approximately 7,000 pounds. This is in addition to the
torque parameter also required. Such forces could not be exerted by manual application;
however, friction welding has proved to be a satisfactory method of joining dissimnilar
metals with machine application.

DISSIMILAR METAL JOINTS

Several methods of joining dissimilar metals have been advanced. Generally, the
research and development that went into these methods was aimed at satisfying parti-
cular needs such as tanks and vessels for corrosive and cryogenic propellants and
fluids.

The Space and Information Systems Division of North American Aviation has ad-
vanced the field of dissimilar metal joining. Their primary interest is oriented
toward large boosters and space vehicles. Their studies indicate that, while entirely
feasible and practical, many combinations joined by welding or brazing result in
brittle phases that are sensitive to shock and exhibit inferior mechanical properties.
Aluminum-to-steel brazed joints are examples of this characteristic.

Table 16 lists a number of dissimilar materials that have been joined by several
different techniques and processes. Again, these examples reflect the aerospace appli-
cation and are included as information only.

STUD WELDING

In addition to fusion welding, the resistance-projection-stud-welding technique
affords the contractor a flexible method of systems installation and attachment in
steel structure. Projection-stud welding offers the most cost-effective method of
installing support bracketry. To attempt to replace this system today with a mechan-
ically fastened joint would not be cost effective.

Advancements in stud-welding techniques are available on a commercial basis. For
example, the Nelson Electric Company produces marine cable and pipe-changer supports
for a range of pipe and cable sizes as well as the necessary stud welder. Once the
stud is welded into position, the cable clamp is threaded on the stud and crimped
around the cable. The pipe hanger is welded directly to the bulkhead and is available
in various lengths, or a channel stud is welded in position with an adjustable strap
and carriage bolt. The pipe hanger uses a rubber insert between clamp and pipe for
vibration dampening. Once the pipe is installed, a locking tab is inserted and bent
over, retaining the pipe and insert. This system would facilitate adding or subtract-
ing pipes of different sizes.

RECENT DEVELOP MEN TS

In recent years, both shipbuilding and aerospace industries have expressed
continued interest in processes such as plasma arc, electron bean, and laser appli-
cations. The need has been generated by specific product applications such as heavy
plate welding for deep submersibles and titanium airframe structure.
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TABLE 16

NAA DISSIMILAR-METAL BONDING PROCESSES

Union Procedure

Aluminum to stainless Dip-braze after tin-
steel coating the stainless

steel.
Aluminum to stainless Solder after nickel-

steel plating the aluminum.
Aluminum to stainless Diffusion-bond after

steel interface coating
application.

Stainless steel to Vacuum-braze.
molybdenum

Titanium to aluminum Solder after nickel-
plating nickel on
titanium and
aluminum.

Copper to nickel Diffusion-bonding after
tin soldering.

Aluminum to stainless Dip-braze after silver-
steel plating of stainless

steel.

Aluminum to beryllium Direct dip-braze.
Stainless steel to Vacuum-braze.

beryllium
Columbium to Diffusion-bond

moybdenum honeycomb sandwich

Columbium to stainless Inert-gas braze.
steel

Tungsten to titanium Tungsten-ARC inert-gas
Tungsten to copper braze with aluminum
Tungsten to stainless brazing alloy.

steel
Tungsten to aluminum
Titanium to aluminum

Titanium to stainless Resistance-weld-
steel machine braze.

Tungsten to molybdenum Electron-beam weld
Molybdenum to Electron-beam weld

columbium
Molybdenum to stain- Electron-beam weld

less steel
Nickel wire to copper Capacitor-discharge-

wire resistance microweld
Stainless steel to low- Percussion-stud

alloy steel weld.
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IIG. MECHANTICAL BONDING

Mechanical bonding is a general term that is applied to three separate processes.
These being diffusion bonding, deformation bonding, and roll bonding.

The diffusion bonding process essentially takes place in two stages: (1) micro-
scopic plastic deformation results in intimate metal-to-metal contact and (2) diffu-
sion completes the bond and ultimately eliminates the interface. Stage 1 plastic
deformation is due to the limited metal-to-metal contact caused by surface roughness
and contaminations, as no real surfaces are atomically flat. Applied bonding loads
are borne by the "high" point of the surface irregularities. Sustained loading causes
continued plastic deformation until the net area of surface contacts approaches the
gross bonding area and bonding occurs, stage 2.

Deformation bonding involves gross plastic flow (30% to 6o%, depending on alloys
and temperatures), which promotes intimate contact and breakup of surface oxides.
Plastic flow is accomplished by mechanically rolling the sheets to be bonded. The
rollers supply the forces necessary to achieve plastic flow. Deformation bonding is
conducted at room temperatures.

As alumninum alloys form tenacious refractory oxides, the usual and most success-
ful methods of static diffusion bonding use a eutectic material between the aluminum
sheets. These bonding processes require consideration of surface conditions, alloy
compositions, temperature, prior coldwork, crystallographic orientation, post-heat
treatments, and joint design.

Roll bonding is similar to diffusion bonding but does not employ a eutectic
material as is used in diffusion bonding.

Both diffusion and roll bonding are time, temperature, and pressure controlled.
Roll bonding requires higher pressures and temperatures and a shorter time for proces-
sing then the diffusion process.

At cyrogenic temperatures (-4230 F), the bond becomes stronger due to shrinkage,
but when raised to elevated temperatures (9600 F) and quenched, the irregularities
holding metals together shear, thereby reducing the shear properties of the overall
joint.

For shipyard applications, these bonding processes would not represent a cost-
effective approach to dissimilar metal-to-metal joints. This is partly due to the
limited applications available, limited quantities produced,,and the cost of equipment
necessary to complete the processes.

III. CONCLUSIONS AND RECOMMENDATIONS

1. Mechanical fastener systems have had and will have continued application in ship
construction. Their major areas of application have been in secondary structure
and system attachments. The modern fastener systems available todayr have demon-
strated their performance in structural, fatigue-critical1, and fuael-tight joints
and other special applications. The merits of some of the never fastener systems
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in shipbuilding applications remain to be demonstrated. Families of high-strength,
corrosion-resistant, fatigue-rated fasteners are available for implementation into
ship designs as well as for special applications such as those required for use
with honeycomb sandwich panels.

Conventional rivets can be employed in some areas to replace welding of thin
sheet and plate. Flush-head rivets can be used to attach thin-sheet aluminum
panels to stiffeners and stringers and can be installed in drag-critical areas
where flushness control is mandatory.

The welding of thin plate (less than 3/8 inch) creates distortion problems that
can be reduced by conventional riveting, which is also one of the most cost-
effective methods of joining, where necessary. Rivets are easily removed and
replaced with simple pneumatic drilling and riveting equipment.

2. Explosion-bonded metals have much to offer in the design and construction of
ships, particularly those with mixed aluminum/steel structure where galvanic
incompatabilities occur.

Bimetallic and trimetallic materials can be formed or machined into various
shapes and configurations and offer good corrosion resistance, as shown by 5
years of continuous sea-water tests. Physical-property tests and structural
testing have verified the integrity of explosion-bonded joints. Tests conducted
by the Naval Ship Research and Development Center led to their recommending the
use of these materials in the construction of naval combatant vessels.

Comparative installation tests conducted by Hunter's Point Naval Ship yard
and private shipbuilding yards have shown the explosion-bonded materials to be
a cost-effective method of making dissimilar metal joints (superstructure to deck).

3. The current method of systems installation in steel structure is projection stud
welding. Currently, there is not a more cost-effective method of attaching equip-
ment supports. Projection stud welding equipment and related bracketry are avail-
able commercially.

Stud welders for welding aluminum studs are commercially available for studs up
to 1/2-inch diameter. Due to weight considerations of support equipment and the
lower yield strengths of aluminum, the use of this type of equipment is somewhat
limited. An alternate process to aluminum stud welding (as recommended by Nickum
and Spaulding of Seattle and as presenL!d in the explosive bonding section of
this report) uses the bimetallic strip welded with the aluminum to aluminum and
the steel stud projection welded to the steel side of the bimetallic strip. While
m2ore expensive, the reliability of the bimetallic-stud weld joint should reduce
later repair or replacement costs.

Some questions arise concerning the effects of localized degradation in the struc-
ture caused by stud welding. The effects of the primer (often applied before weld-
ing) and other impurities as well as residual stresses in and adjacent to the
weld area are causes for concern. The latter will become increasingly pertinent
as operating stress levels approach design limits.

4. Adhesive bonding, as applied In aircraft, has been limited primarily to aluminum
and titanium, due to weight considerations. Aircraft contain a wide range of
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bonded material applications, ranging from control surfaces to galleys and decor-
ative panels. These applications do not include primary structure nor would they
be recommended for primary structure in shipbuilding. However, adhesive bonding
can be applied to some nonstructural applications. The areas of potential appli-
cation include interior bulkheads, kitchen and toilet facilities, low-pressure
piping and ducting, acoustic insulation for sonic fati.gue, or areas of high-
frequency vibration.

Adhesive bonding and sandwich panel construction lend themselves to modular
construction and have been used as deckhouses on patrol craft produced by foreign
nations. Adhesive-bonded sandwich panels and construction offer a high strength-
to-weight ratio for numerous applications.

IV. RECOMMENDED AREAS FOR FURTHER STUDY

It is anticipated that those interested in ideas or concepts presented in this
report will conduct the necessary qualification tests before incorporating them into
their design and construction efforts. The following are delineated as areas for
further study:

1. Compile a fastener matrix and preferred fastener list based on fastener types
approved for use in ship design. Develop design allowables and add to the list
and matrix, as required, to accommodate new applications. Take care to avoid
excessive fastener proliferation.

2. Investigate the use of conventional riveting for attachment of thin sheet in
secondary structure and application of high-strength fasteners to primary struc-
ture.

3. Continue to develop the full potential of the explosive-bonded bimetallic and
trimetallic sheet. This effort should include tube cladding techniques for rud-
der stock and stern-tube installations, bulkhead penetrations, pipe flange con-
nections for dissimilar pipes, and deck pads for equipment mounts.

14. Investigate cost-effective approaches to installing mixed materials for pipe sys-
tems that would satisfy necessary regulations.

5. Study potential applications for the electromagnetic riveting process, particu-
larly in areas where large rivets nay replace more expensive fasteners. The
portability of the equipment and quality of EMR-installed rivets make large
rivets more attractive than they have been in the past. The process is usually
cold but can be supplemented by resistance heating of the rivet.

6. Consider possible applications for items in Appendix E such as in-place tube
welder, laser alignment, and new bulkhead penetrations.

7. The logical step to follow a study of this type is a developmental activity
encompassing the design and fabrication of selected joint hardware to assess
and validate the comparative advantages of different joining methods. For exam-
ple, welded versus mechanically fastened joints for a given application should
be compared, each designed for use with its unique joining process.
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8. Similarly, material trades in selected applications can be evaluated with the
design of a selected j1oint for steel, aluminum, and combinations using explosive-
bonded strips as the intierface. Again, each should be designed to take advantage
of the properties of the particular materials being compared.

9. Following the successful validation of some of the alternative fastening methods
in test hardware, selected ships (or portions thereof) undergoing modification or
those of a new design should be selected for incorporation of these concepts.

In-service experience can be monitored to validate the projected performance of
the new designs and fabrication methods.

10. Based on the feedback from the foregoing (items 7 through 9) an integration pro-
gram, including the incorporation of alternative joining methods into regulatory
documents, should be pursued.

11. A study of current maritime regulations and specifications and their relation to
bonded structure should be made to determine where bonded nonstructural compon-
ents can be applied.

APPENDICES

The topics listed in the appendices, while not related directly to the main scope
of the report, have been included an~d commented upon as information that may be of
interest to those functioning in these fields.

Piping systems, which include bilge, ballast, and weather deck drains, as well
as water, oil, and air systems, involve high costs for materials, initial installation,
and subsequent maintenance. The ideas and suggestions are presented for consideration,
and the cost effectiveness of these systems over a period of operating time remains
to be established.

The adhesive-bonding equipment shown, represents typical equipment found in the
aircraft industry. It is not necessarily optimum for shipbuilding applications. The
economics of purchasing completed parts should be considered before making a capital
expenditure.

The in-place tube welder described and shown in Appendix E was developed to weld
high-pressure stainless steel and titanium tubing in limited-access areas where con-
ventional welding techniques could not be applied. High-quality welds are obtainable
on a production basis.

Electrical systems encountered in shipbuilding range from electric lights to radar
installations. Combatant vessels are equipped with a variety of complex electronic sys-
tems outside of the regular ship electrical facilities. Hookup of these various systems
often requires multiple watertight bulkhead penetrations as well as connections be-
tveen components in close proxity to each other. Compartments and passageways are
often cramped and crowded, presenting additional problems.
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The use of Multi-Cable Transit units for tubing, pipe, and wire connections
eliminates stuffing-tube arrangements and the necessity of potting and sealing to
maintain the watertight integrity of each compartment. These processes add to the
cost of ships, are time consuming to install, and make modification of systems
difficult.

Flat cable affords the fabricator the opportunity for additional flexibility
when installing instrumentation systems, especially those involving multiple connec-
tions between compbnents. Flat cables can be used efficiently in limited-access areas
such as passageways and along framing.

Laser optics, even though remote from the subject of fastening or outfitting,
remain pertinent nonetheless. Laser optics have found increasing use each year. Cri-
tical alignment of major jigs and components have been possible with laser equipment.
The application of laser alignment techniques to shipbuilding is evident when you
consider its being applied to alignment of stern-tube boring equipment or to place-
ment of deck machinery or keel and side plates. It is, therefore, included in the
appendices of this report for information as to the current state of the art and the
joint sharing of this technology between the different industries.

APPENDIX A

PIPING SYSTEMS

Piping systems currently installed on commercial and military shipping use steel
pipes, both Schedule 40 and 80, and steel pumps with bronze bushings and fittings.
Large gate and globe valves can become expensive without considering compatible sys-
'.ems made for use with aluminum (Table 1'().

Current design practices call for waste washers to be installed when it is
necessary for pipes to penetrate bulkheads for overboard discharges and pump connec-
tions. This practice causes higher costs for initial construction and subsequent
operation in the electrolytic environment of seawater.

Regulations currently restrict the use of any nonsteel/iron pipe and pump sys-
tems in such areas as fire protection and control. Extensive tests are now being con-
ducted by the Naval Ship Systems Command, Annapolis, Maryland, to verify new materials
such as the intumescent coatings on glass-reinforced plastic piping. While these hold
some promise for future use, the current regulations are explicit.

There are possibilities of using a mixed tubing materials system such as plastics
for bilges, ballast, and weather deck drains; aluminum and/or stalnless steel for
potable water, compressed air, and engine oil; and alloy steel and 90-10 copper nickel
for fire-control systems. The merits of these systems would have to be determined
from cost-effectiveness and reliability standpoints.

While these systems may save weight and installation costs, the fluid prime
mover will be predominantly the steel pump due to availability and cost considerations.
Again, galvanic incompatibilities can occur, especially in nonferrous ships. Since
the pump can be isolated by the same method as the deck machinery, the problem lies
in connecting the pump systems to dissimilar pipe systems.
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TABLE 17

COST COMPARISON FOR ALUMINUM ALLOY AND STAINLESS STEEL VALVES a

Size Pressure 304, 316, and 356-T6
IPS (in.) service Type 25 nickel-20 chrome aluminum alloy(Ibs) stainless steel ($/each)

(S/each)

3 flanged 150 Gate 263.00 268.00
4 flanged 150 Gate 376.00 389.00
6 flanged 150 Gate 610.00 622.00
8 flanged 150 Gate - 809.00
3 flanged 150 Globe 407.00 273,00
4 flanged 150 Globe 478.00 512.00
6 flanged 150 Globe 809.00 891.00

alnformation taken from SSC report 281, p. 75.

TmBLE 18

MATERIAL COSTS-BILGE SYSTEM IN BALLAST TANKS (U.S. DOLLARS) a

Item Aluminum Black Galvanized Fiberglass-

stel stel reinforcr PVC lined
steel steel plsiplastic

Specification 6061 -T6 A53 A53 Bondstrand Resistoflex
or equal

Thickness Schedule Schedule Schedule - -
40 80 80

2440 feet of 4-inch pipe $5,967 $5,630 $6,750 $10,248 $16,104
Alumir-im bulkhead penetration (50) 5,967 5,630 6,750 10,248 -
Aluminum spools (40) - 1,800 1,800 - -

Flanges (70) 1,376 506 760 539 Included
Ells (150) 3,420 1,014 1,402 2,520 8,295
Couplings (36) - - - 194 -

Valves (10) Not included
Cathodic protection - 1,720 1,7 20 -

Total cost $10,763 $10,670 $12,432 $13,681 $24,399

alnformation taken from SSC publication 218, p. 78.
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Several suggested methods of pipe-to-pump attachments, bulkhead feedthroughs,
and pipe tapoffs fabricated from bimetallic stock are shown in Figure 19.

While an interested party would have to develop the necessary rupture and
fatigue data, the concepts are practical and offer an attractive cost-savings poten-
tial. This process could eliminate the costs of waste washers and gaskets and mini-
mize related maintenance, corrosion, and rust allowances made for steel pipes. Hence,
thinner-gage pipes could be used. !mited use of the glass-reinforced plastic and PVC
pipe has been recommended by the Coast Guard, predominantly in bilge and ballast Sys-
tems. Cost analyses from SSC Publication 218, Design Considerations for Aluminwn Hull
Structure, are shown in Tables 18 and 19 for bilge and ballast systems.

Nondestructive test (NDT) procedures are available commercially for in-process
controls of explosion-bonded materials. These included X-ray technique and dye-
penetrant inspection of the bond join and weld bead.

APPENDIX B

WATER SYSTEMS

Two water systems are in common use for ship operation. These are the fresh
potable water system for sanitary engine cooling and consumption purposes and a salt-
water system for ballast. The potable water is from two primary sources: (1) on-board
desalinization and (2) shore supplied. The salt system is ocean supplied.

For steel structure, there is no inherent problem with either water System other
than rust. Black schedule 80 steel pipe is used predominantly. However, with aluminum
structure, different problems arise--some chemical and some regulatory. If aluminum
pipe systems are used for both freshwater and saltwater systems, corrosion problems
will occur due to the various differences in fresh water found in different ports.
Minerals and free ions can contribute to the corrosion of the aluminum freshwater
system.

The installation of aluminum piping in aluminum structure would simplify construc-
tion and eliminate the necessity of galvanic isolation techniques that would be
required for a steel-pipe system. The aluminum pipe would be lighter than steel due
to differences in density and would not have the heavy-duty (schedule 80) wall-
thickness requirement as does steel pipe.

Fiberglass-reinforced plastic, on one hand, offers several advantages. Cost
studies indicate the GRP system to be the least expensive of eight systems studied
(see Table 19), would be chemically inert to Most substances, and would not produce4
galvanic incompatibilities. "Sailor proofing" GRP pipe would be more difficult. Unlike
heavy-duty steel pipe, the GRP could not be used as a "chinning bar." Allowances for
reinforcing and protecting piping in passageways and overheads must be considered.

Difficulties encountered in a GRP system include fabrication because GRP is
not bendable. Bulkhead penetration techniques would have to be developed, and regu-
latory agencies do not consider GRP with intumescent coatings to afford adequate
fire protection.
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Stainless steel pipe systems have been included in smaller craft such as patrol
boats and hydrofoils. These systems are costly when compared to a similar system
manufactured from black steel or GRP. However, stainless steel offers good corrosion
resistance, is galvanically compatible with steel and aluminum structures, and is
formable. In small diameters, welding or mechanical couplings can be used effectively.

The cost analysis for several ballast systems in a ship similar to the 632-foot
M.V. Challenger are shown in Tables 17, 18, 19.

For economic and regulatory reasons, future ship construction will probably use
an integrated pipe system composed of different materials. The cost involved with a
mixed system must be determined to decide at what point there is an economic tradeoff.

APPENDIX C

OIL AND AIR SYSTEMS

Oil systems aboard ship can be lumped into three general categories: fuel oil
for propulsion Systems, lube oil for deck and propulsion machinery, and bulk cargo in
the case of petroleum tankers.

Current regulations explicitly require fuel and engine lube lines to be manu-
factured from black steel due to the nonconductive characteristics of fuel oil and
fire prevention requirements. The introduction of aluminum or plastic pipe should be
considered for future use. As new materials and ctesign allowables become available,
regulatory agencies should consider their implementation after appropriate testing
has been completed. The installation of black-steel fuel lines in aluminum structure
will create galvanic corrosion problems if isolation procedures are not adequate.

The installation of stainless steel fuel and lubricating oil systems would elim-
inate the need for isolation protection. Bulkhead penetrations would have to be
incorporated to maintain watertight compartments. These penetrations could be either
mechanical or welded connections. Aircraft-type AN fittings and the in-place tube
welder would facilitate pipe system installation and connection for modular construc-
tion and Jumboizing. Design and fabrication techniques used in aircraft use modular
construction and systems installation for preinstallation of many of the electrical
systems, hydraulic tubing, and actuator cables.

Bulk cargo transfer to shore facilities or other ships will require an extensive
pipe-and-pump network within a tanker structure. Cost considerations will be a major
factor in deciding what type of system will be used. Safety experience gained with
mobile aluminum truck tankers should make an all-aluminum pipe system a major con-
tender for ship service, due to their impressive safety record.

Compressed-air systems involve two major areas of ship operation. They are a
400-psi engine-start system and a 100-psi ships-service system. Current design prac-
tices call for high-strength steel for each system. For an aluminum ship, a schedule
40 aluminum low-pressure system has been previously recommended. High-pressure stain-
less steel could be implemented for engine-start, eliminating galvanic couple problems
associated with penetrations of steel pipe through aluminum bulkheads. This, used in
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conjunction with pressure reducers and regulators, could be reduced to a single
high-pressure system, with the regulators and reducers supplying the low-pressure
ships service.

Should an inert-gas fire-control system be adopted, aluminum tubing would facili-
tate systems installation in aluminum structure.

Cost effectiveness of incorporating various systems into ship construction
should be investigated. A particular system, whether single or mixed, will have to
meet regulatory approval, and therefore any hard-and-fast recommendations cannot be
made without knowledge of ship's purpose, current state-of-the-art information,
regulatory revisions, allowances or standards, system type (oil, water, fuel, etc.,),
pump pressures, safety allowables, etc.

APPENDIX D

BONDING FACILITIES EQUIPMENT

A typical bonding facility for aluminum structures would require the following:

a) A chemical processing line with the following tanks (Figure 20):

1) Trichloroethylene degreasing tank

2) Alkaline cleaning tank

3) Warm water rinse tank, either immersion or spray

4 ) Sodium dichromate-sulfuric acid deoxidizer tank

5) Cold water spray rinse tank

6) Dryer tank

The sizes of the above tanks would have to be determined by the maximum

part sizes to be run through the surface preparation process.

b) Closely adjacent to the chemical processing line should be a clean room.
Operations to be included in the clean room and required special facili-
ties are:

1) Spray booths and spray application equipment for applying adhesive
primers (Figure 21).

2) Ovens to precure the adhesive primer--the sizes of both the spray
booths and the precure ovens would be determined by the maximum size
of parts to be processed (Figure 22).

3) Assembly area with adequate work space large enough to accommodate
the tooling, parts, and associated assembly operations (Figure 23).
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FIG. 24 -ALUMINUM HONEYCOMB CORE MACHINING EQUIPMENT

o'ii

FIG.25 -ULTRASONIC NONDESTRUCTIVE TESTING EQUIPMENT
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The clean room should have filtered incoming air and should be pressurized
from 1/2 to 1 psi, in relation to adjacent areas, to be sure all air
movement is outward from the clean-room area. The primary purpose of the
clean room is to provide a segregated area for the special handling
required 'for the "clean" part during the priming, precuring, and assembly
operation.

c) A curing facility to supply heat and pressure for the final cure of the
adhesive is required. The most common curing facility now in use is an
autoclave. Here again, the size of the autoclave is determined by the
maximum size of the largest bonded assembly and also the total volume of
bonded parts. The autoclave requires area and handling equipment for
staging and handling the bonding tools in and out. There is considerable
experience in the design and fabrication of autoclaves for adhesive
bonding in the aerospace industry.

As indicated above, the total bonding facility would be sized in relation to the
maximum size of parts to be bonded and the volume of parts to be fabricated. In addi-
tion, consideration should be given to the sheet-metal and machining equipment for
honeycomb core (Figure 24), machining equipment required to fabricate the detail
parts required for the bonded assemblies, and the required nondestructive testing
equipment (Figure 25) for inspection of assemblies in process and after the final
bonding operation. In-process controls are also required to maintain bond quality and
reliability and rei-force confidence level.

APPENDIX E

IN-PLACE TUBE WELDING

The in-plac2 tube welder (Figure 26) was developed for in-place production
welding of stainless steel and titanium high-pressure hydraulic systems and is a
commercially available product.

Alignment of the tubing and fitup of the abutting ends at the weld joints are
major factors in consistently producing an acceptable weld joint. Auxiliary bridge
tools are used to support the tubing during the weld operation and are shown in
Figure 27. The space envelope dimensions required for a typical head and auxiliary
bridge tool are shown in Figures 28 and 29. Depending upon the application, various
types of weld joint configurations have been used successfully. Several of the more
popular and practical Joints are shown in Figure 30.

For those heavy-wall tube joining applications requiring the addition of filler
wire, suitable miniature crawler-type weld heads are available. Due to the additional
me, hanisms to handle wire feed, these heads are substantially larger than the nonfiller
wire adding-type head. A representative head available at this time is shown in Figure
31, with its space requirements in Figure 32.
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Butt Joint With
Butt Joint Filter Metal Insert

Flare Bevel Butt Joint

Flange Butt Joint

Weatherhead Sleeve Joint
Butt-Steeve Joint (Swaged and Welded)

FIGURE 30

TUBING WELD JOINT CONFIGURATIONS
FOR GTA TUBE WELDER
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FIG.31 - TYPICAL COMMERCIAL MINIATURE GTA TUBE WELDING CRAWLER

UNIT WITH AVC, TORCH OSCILLATION, AND WIRE FEEDER

. .C TB

3t

FIG.32 - TYPICAL GTA TUBE WELDING HEAD
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APPENDIX F

ELECTRICAL SYSTEMS AND THEIR ATTACIMENTS

The installation of electrical systems and connections between components has
presented numerous problems to the design and fabrication contractor of both steel
and aluminum ships.

Regulations require many of the connecting compartments to be isolated from each
other in the event of fire, flooding, or other contamination. Since control systems
necessary for ship operation cannot be installed externally to the structure, it is
required that bulkhead penetrations into adjoining compartments maintain the integrity
of each compartment, should an emergency situation occur.

The penetration of steel piping through a steel structure, or aluminum piping
through an aluminum structure, afford the opportunity for contaminants to enter
adjoining compartments. This condition can be eliminated by fillet welding the pipe
and bulkhead at the point of penetration. Suggestions and recommendations for dissim-
ilar metal penetration of steel pipe through aluminum bulkheads are contained in the
explosive-bonding section of this report and will not be elaborated upon here.

Electrical systems present a more difficult problem in that most of the wiring
and cables are armored. Even when conduits are used, a stuffing tube arrangement
must be fabricated to ensure each compartment's integrity. This process creates addi-
tional outfitting difficulties and higher costs, both in material and labor, and is
not conducive to visual inspection or postservice modifications.

MULTI-CABLE TRANSIT

A commercial product, Multi-Cable Transit (MCT) bulkhead penetration, such as
that marketed in recent years by Nelson Electric, offers the designer and fabricator
a new method of maintaining compartment integrity when installing control systems
(Figure 33).

Multi-Cable Transit bulkhead penetrations have frames made from aluminum or
steel, measure approximately 2-3/8 inches in depth, vary from 5-1/4 to 5-1/2 inches
in width, and have lengths of 4-3/4 to 9-3/8 inches, depending on model. The MCT uses
cable modules made from Tecron, a DuPont neoprene compound that expands when heated.

The installation procedure is relatively simple. An oblong hole is cut in the
bulkhead to accept the MCT frame which is then welded into position (Figure 34).
Electrical cables or tubing are then run to their respective positions where they
can be connected for a system check. The predrilled Tecron block, conforming to the
respective cable dimensions, is installed with a slight coating of lubricant on the
block. Armored cables have G.E. 's RTV-102 or 106 sealer applied in the grooves of each
block to seal the space between the armor and cable sheath. A compression plate is
inst ailed, along with the end packing to seal against fire, water, and air leaks. MCT
will accommodate cables or pipe ranging in outside diameter from 5/32-inch to 3-3/4
inches. These units may be purchased in gang or group mountings. Additional cables or
tubing may be installed by adding the necessary insert blocks. Cables may be removed
in the reverse manner. An added advantage of MCT installation is that fabricated
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FIG. 33 - TYPICAL MCT CABLE & TUBE ASSEMBLIES

FIG. 34 - INSTALLATION OF MULTICABLE TRANSIT FRAME
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cabling with connectors attached can be passed through the MCT. For rf and high-
frequency applications where signal leakage and grounding are important, MCTs with
conductive rubber blocks are available.

Fire tests conducted at the Lockheed Electronics Environmental Test Laboratory
demonstrated that MCT could withstand 17150 F for 1-1/2 hours, when attached to a
1/4-inch steel test panel. The rear side of the MCT and cables remained relatively
intact during the test. MCT inserts are not subject to attack from liquid chemicals
or hydrocarbons. MCT is reputed to comply with Mil-P-16685C, U. S. Military Standard
167, Mil-S-901C, Mil-Std-108D, ASTM-E1Ig-61, and the JCSLS fire-test standard.

Cost comparisons indicate the MCT units will save 50% of the installation costs
over the cable-tray or conduit-and-scal rig-co::,'ind methods of cable installation.

FLAT CABLE

Scotchflex, a family of flat cable produced by the 3M Company, currently is under
study for possible introduction into commercial aircraft electrical systems connections.

The use of flat cable would provide additional advantages in ship outfitting and
systems installations.

Flat cable can be installed in space-critical areas such as passageways, over-
heads, and bulkheads (Figure 35). This type cable is designed for hookup of connect-
ing components, especially those using printed circuit boards in their assembly.

Transitions from flat cable to conventional round-wire connectors can be accom-
plished by any of several methods such as splices or junction boxes (Figures 36 and
37). Flat cable offers a decisive weight-savings advantage as well as ease of fabri-
cation and installation. It can be prefabricated for modular construction or systems
installation.

With more emphasis being placed on preassembly and modularization, implementa-
tion of the flat cable concept would be beneficial.

APPENDIX G

OPTICAL LASER APPLICATIONS

The Manufacturing Research and Development Department of Boeing is currently
involved with developing a manual for using optical lasers in shipbuilding. This pro-
gram is being conducted in conjunction with Toud Shipyards Corporation of Seattle.

The objective of this research program is to apply alignment state-of-the-art
knowledge and experience to shipbuilding with special emphasis on hull erection and
machinery installation. Although accuracy is the main criterion for using lasers in
aircraft alignment, it is not the only criterion. There are more advantages that are
not readily seen. A few of them are:
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a) Optical instruments require experienced personnel. Lasers do not.

b) The accuracy of optical instruments depends on resolution, definition,
proper certification, removal of parallax, pointing (dependent on
physiological and psychological characteristics of individual operators),
and proper targeting and target lighting. Lasers depend primarily on certi-
fication. Human interpretations would be eliminated for machinery and
other precise alignment applications.

d) Once set up, one man can interrupt a laser beam anywhere and take a
measurement much the same way as he would with a strung-out wire. The
laser beam would be a precision straightedge. A piano wire, no matter how
taut, still must be corrected for a perceptible catenary.

e) The laser beam can be detected visually as well as electronically. Optics
normally require two men for this operation.

f) The laser is much more simple to buck into a line and considerably more
simple to buck into a plane than is the telescope and transit under most
fabrication conditions.

g) The laser does not require initial focusing to find the target and refocus-
ing to achieve final alignment.

h) Unlike optics, the laser field of view is the entire field of view of the
operator and any other observer. Thus, the laser can be used as a long
pointing stick.

i) Collimation or autocollimation of the laser is not limited to mirror size
as it is on the telescope.

A summary of applications of the optical laser includes, but is not limited to,

the following:

a) Alignment of ways and blocks prior to laying keel

b) Alignment of keel and panels

c) Stiffener location and alignment for preassembly technique development

d) Checking levelness during hull erection

e) Hull-section alignment for modular or "Jumboizing" assemblies

f) Stern-tube and shaft alignment

g) Hatch-coaming and guide installation

h) Lash-rail alignment

i) Superstructure-to-hull and deck alignments
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APPENDIX H - BOEING DESIGN MANUAL

SECTION 17

FASTENERS, GENERAL

17.1 INTRODUCTION

17 11 Riveting General

17.2 SYMBOLS AND CALLOUT

17 21 Fastener Symbols

17 211 NASSymbols

17.2111 Examples of NAS Symbols
17.2112 Basic Rivet Code
17.2113 Oversize Fastener Code

17.212 Obsolete Symbols

17.22 Fastener Callout

17.221 Parts List Callout

17.222 Location Callout

17.23 Hole Location Symbols
17.24 Matching Holes

17.241 Holes to Mate With Standard Parts
17.242 Coordinating Holes
17 243 Identical Parts Except for Holes

17.25 Hole Size Colloul

17.251 Selection of Holes for Standard Fasteners
17,252 Standard Holes for Structural Fasteners
I1 253 Hole Size for Blind Fasteners Group I

173 FLUSH REQUIREMENTS

17 31 Tolerances
17 32 Countersinking aind Dimpling

17,321 Countersinking

17,321 1 Minimum Sheet Thikness
17.3212 Collout

17.322 Dimpling

173221 Edge Margin
17.3222 Callout

I1 5 SEALING

17.51 Collrut
1752 Types
1! 53 Maximum Spacing

17.6 FASTENER USE CHARTS

1I 61 NAS Symbol Fusleners

17,611 Solid Shank Structural Rivets
17.612 Lock Bolts & Hex Drive Bolts
17.613 Blind Fasteners
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17.62 Threaded Fasteners

17.621 Bolts

17.6211 Titanium Fasteners
1 7.621 2 Self-Locking Bolts
17.6213 Non-Standard Threaded Fasteners
17.6214 Specially Surfaced Steel Bolts
1 7.621I5 Bolts Without Cotter Holes
17.62 16 Oversize Bolts
17.6217 Radius Clearance
17.62 18 Bolted Sloping Surfaces

17.622 Screws

17.6221 Tapping Screws

17.62211 Thread Forming Screw

17.622 12 Thread Cutting Screw

17.6222 Drive Screws
17.6223 Wood Screws
17.6224 Set Screws

17.623 Nuts

17.6231 Nut Use Charts

17.624 Plate Nuts and Gang-Channel Nuts

17.6241 Gang-Channel Nuts- Drawing Callout

17,6242 Plate Nut Hole Clearance - Drawing Callout

17.625 Sheet Spring Nuts

17.63 Special Fasteners

17.631 Pins Use Chart
17.632 Shear Pins
17.633 Metal Stitching

17.6331 Edge Margin and Spacing
17.6332 Capacities and Dimensions
17.6333 Drawing Callout

17.634 Quick Release Fasteners

17.64 Washers, Spacers, and Shims

1 7.641I Washers
17.642 Shims, Plate Nuts
17.643 Spacer, Sandwich Board
17.644 Rivet, Spacer Head, Blind
1 7.645 Spacer, Rivet and Bolt
17.646 Spacer, Plate Nuts
17.647 Nut, Spacer PlIate
17.648 Radius Fillers
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SECTION 17

FASTENERS, GENERAL

17.1 INTRODUCTION 17.211 NAS SYMBOLS

A Fastener inforniation i, presente I ir)ree sections, The -AS523 Syrbol sy ,f -n is rsed it trill ,II r pt rr inee trtpr fas
inner i ts or rrrirrjs ht' fo1st rh , )-t show , in 1I 21 12, Brsic

1. Seiction 17 con' ri.lout u ,structi, ms for allfactenersand holes, Rivet Code, cur, be r -led , ,ith 'ie , ')i , y' 1 System A
,e,,rvs ,eaOl ing niorwotioi aid tsage charts threuded bolt that is used with taru itj, onuls , riter st cling. rid

nriscellineous Fpeciai fastire s in rtr Ii",, i'jl d I-. The iAS ,r
2 C.- ,on 18 pvonides strength data, edge ma-rgins and spacing hot System.

r ,,ew~eflts

A. The NAS lype Syrrbol is basoil, t ss wiltf tn irirrs.-Itor
3 unction 19 coterains d, sc

, 
, tioes of fastener installaion tools and at the center of the irtnrer in the punijr . F tener illeirtity, ,ize

related inforn vtion whrc rust te considered in design, arind installation iorstriucstors te y rtItt I, tter rit . c... c c ;
within the quadrants of the tri s , .r : ... thie fur v ;,r ,

. The in-!allation of fasteners is controlled by processspecifications are referred to as shown bie ,, i ung rdli -i 0 ttl

I SAC 5004 for rivets, lockbrls and blind fasteners. NW'NE -"

BAC5009 for bolts and nuts. SW ISE ./si'

Drawirg forms ortcin rfhorences to these specifications i n t ihe tile
block urea

Figure V/ 2i

C in rd tiior, where applicube, additional process specifications

shcuh ben led obe on daw nrjs For enaiple. B. Basic Code The fastener is , d i-rf by ,.) nor n,fr]it t:..

letter code in the NW quadcn , wrh 1h dfie' rill f-toures e-,F
BAC SO 1 tP o i ,s ollation of cotter pins and similar safetying diameter and grip or length It also includt tle collar', for o( k it
'j "c'-, and Hi Shears. W hen inclosed in a hot, i-stollhtiin p- "BAC "))4

required. For code etters, see the toje charts Code htte , h
2 BACt)4/ fr irillotior f tisteners which must be fluid tight, used by the entire aircraft industry tire (ldedri to r,, s'5,3 rind

to the Design Manm al. Code letters or ji dividui co pripry use g
3 BACS049 for dn rplir, g a;nd countersinking with X. Consult Seattle Stardards Urri for osigirni o new coo't

letters.
4 BACS085 for -sallati n ci rcet Ic sandwich spacers.

C. Diameter and heoad location are ind ited by o nurrilb erf .d
17.11 RIVETING-GENERAL in the NE quadrant lihe number s thr ome a' , fdirn , tf r rlo :

number of the part or the lost one or two digits of pirt r-iiri 10
, ,ir I les igri or 'I rssriarnir Iostenirigj concepts shall continue the which erpress the nominal dii)reter by these digits. the l'tt,r r .r

hrtsr-s used -re pf viou, cr)rirr-r[ial erodels with exceptions to F refers to NEAP SIDE or FAR SIDE of the manuio(t, . d ,-uJ It
-,, t'. q, ncrea, set ilirbdhty, eight and cost reductions. A brief the head location is optiontl, or is clearly shown by .- tr ,, t

, '.1ir .i lre ,rtier c rur nt pi tti-,, n id c,.r-rrr nded changes letter may be omitted

D. Rivet length and spotweld optional are shown ir.tIe SE quedrant
by a number and letter The nriirber rs the dase nurbr , for the
length or grip of the part; it is o ittid for (orvention l rivets etcept

i, tiqlt riv etrng, thi, . e of NACA and modified in modification kit drawings per PT, D4900. The letter W, if
I , veting in ace dance with BAC5047 shall be permits spotwelding instead of riveting

j e of rivets wi Ire the material thicknesses
---- 2 ) F) E. Countersinking and dilrl ing .. istliuctions ate shown ie tee SW

quadrant as follows
- .itt. restollaticns in exterior and aerodynamic

f, i be of the shear head type (BACRI5CE) 1. Dimpling is indicated by a D followed by a nurrbe indicating
the number of sheets to be dimpied, if more thn one

tit trotruding head aluminum alloy 2. Countersinking is indicated by the letter C. No nuriber is used
I '.,rt e and attachments shall be in with countersinkng

Ad
' 

nd', 20470
3. Flush both sides is shown by plrucing the letters and number cts

It I I "tern rivets (BACRI5DR), applicable) on two lines The upper line aipplies to the nianu
St t. Ustoner specifications. In faotured head, and the lower line to the dr ven head The angle

t Istrength and fatigue of the driven head shall be the srimecas that of the manufactu -d
,.. k locked spindle h 4 except as noted in patogiph F below.

F. Fluid tight riveting (per BAC5047 , rsshownby enclosing the basic
, JA

1
t398) shall code in a square in the NW quadrant. Plrre 82 below the counter

sink code in the SW quadrant when an 82 driven head angle is
required (NACA style.

(, Ri vet symbol blocks as shown below will be printed on drawing
forms stocked at the supply corinters, or upon request to the Repro
dc tion Unit Several bl ink spaces are provide for listing the

rts used on the drawing 'ed the code for each More spaces fray

be idded by the draftsr'on if required.
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17.211 NAS SYMBOLS 'Continued

BK = MS20470B CE = P (CKL)

BA = MS20426A XLP = BACB30LA

DZ - SAL100-T&6LC-C NAS 528

XPC = BACB30MB*A**U XC - BAC-R15BB-AD
& BACC30X

• - HOLE LOCATION FOR X DIAMETER RIVET

INSTALLATION:
STD, PER BAC 5004; FLUID TIGHT, PER BAC 5047

BASIC CODE DIA DASH NO.
ENCLOSED = FLUID TIGHT MFD HEAD LOC
OPEN = STANDARD N = NEAR SIDE

F = FAR SIDE
XX XX

DIMPLE/CSK INFO - D2C X W - SPOT WELD OPT

D = DIMPLE - LENGTH DASH NO.

2 = NO. SH DIMPLES
C = CSK INSTRUCTURE
2 LINES: TOP =MFD HD; BOTTOM= DRIVEN HD

NOTE: PROTRUDING HD RIVETS DRIVEN FLUSH
D/C INFO (2 LINES) APPLIES TO DRIVEN
HD ONLY.

RIVET SYMBOL CODE

Figure 17.211-2

NOTE: The Basic Fastener Code and the equivalent part number(s)
that are noted the Rivet Symbol Code box, shall be the
same as those listed in 17.2112 and D590. These include
codes for material, finish, etc., as required.

Example: XPC = BACB30MB*A**U & BACC30X

Where: BACB30MB = Basic Part Number
"A" code = A286 material
"U" code = Unplated
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17.2111 EXAMPLES OF NAS SYMBOLS

W  M S20 4 7 0
1

'
, UNIVERSAL HEAD, 5056-F RIVET, 1/8 DIAMETER. HEAD DIRECTION* OPTIONAL. SPOIWELD OPTIONAL.

BA N MS20426A6, 100- HEAD, 1100-F RIVET, 3/16 DIAMETER. COUNTERSINK 100- NEAR
C SIDE FOR MANUFACTURED HEAD.

BA F MS20426A6, 100- HEAD, 1100-F RIVET, 3/16 DIAMETER. MANUFACTURED HEAD
FAR SIDE. DIMPLE OUTER SHEET AND COUNTERSINK INSTRUCTURE 100*
BOTH SIDES.

D6 SAL100-T6-5 (BAC-B30P-6-5), 10' HEAD, STEEL, SHEAR LOCKBOLT, INCLUDING

C 5 2024-T4 COLLAR 6LC-C6 (BAC-C30A-C61, 3/16 DIA,.4ETER, 5/16 MAXIMUM GRIP.
COUNTERSINK 1000 FAR SIDE FOR MANUFACTURED HEAD.

BACB3OLA6-3, 100- HEAD, BLIND BOLT HUCKBOLT, 3/16 DIAMETEP,
XLP 6 3/16 NOMINAL GRIP. COUNTERSINK l00- FOR MANUFACTURED HEAD (Direction

C 3 assumed to be obvious).

CE6 P6D (BAC-RSAP-6-147), ERAZIER HEAD, 5056-F BLIND RIVET (HUCK CKL),
3/16 DIAMETER, .129 - .165 GRIP RANGE. (TIe s of letter D for grip is an
exception to the standard code). Head Direction Obvious.

BAC-R!5B-6AD, 2117-T3, 3/16 DIAMETFR, UNIVERSAL HEAD RIVET. MANUFACTURED
HEAD FAR SIDE. FLUID TIGHT PER BAC 5047.

XC6F AC-RI51.-6AD, Ztt7-r3, 3/16 O(AMETiR, UNIVERSAL HEAD kIVEr. MANUFACTURED
HEAD FAR SIDE, COUNTERSINK 820 FOR FLUID TIGHT DRIVEN HEAD PER IAC 5047.

HOLE LOCATION FOR A 3/16 DIAMETER RIVET. (The number signifies rivet diameter
in thlirty-seconds.)

Fig 17.2111-1

17.23 (Cotin.,d) 17.24 MATCHING HOLES

2. 71'. o01 y o, ~iralfaIoton drowing h,.Il local te o , See DM 81, Section 13.

i ;:ate 'ihe ;astener urJ associated parts s'.rh as nuts, uashers, 17.241 HOLES TO MATE
e rr , n, slow the hole size per 17.25. WITH STANDARD PARTS
V/here hole pitterns ore a luplicated on other drawings a note When holes in a detail rart a assembly must mate with holes In a
shall be r-d, f: -t;v. .,hich da'u;aq Ill be used as . pattern. purchased or goe-,1r't fornished itere the sizes and locotios shall
Drcwi;ij shoir', koles which are not to be used for patterns be co.rpietely dineosio ed and tolerarnced tu assure fit if asembl
shall slo, t'e note: is on a higher drowing. The ru-te, 'LOCATE TO MATCH" shall

USE RIVET (PELT) HOLE LOCATIONS SHOWN not be used. If a O.F.E. part is brought togetrner with Boeing parts

ON XX-XXXX for ossembly, use note "USE HOLE LOCATIONS SHOW"
: 

ON
--------- - ------------- (GFE PART).

This note should also be shown on assembly draringa not used
as hole patterns.

1 '.-- 00

23 _0000 17.242 COORDINATING HOLES

Coordinatitng holes shall be used in occordonce with DM 81,

EM 5 B0I.1.532.

USE RIVET HOLE LOCATIONS SHOWN ON

__ 17.243 IDENTICAL PARTS
7 } EXCEPT FOR HOLES

23-0000 Parts which are identical except holes or hole locations require
different pnrt numbers. 1his applies to parts drawn as separate de-

- - - -tails or colled out by dash number on an assembiE or installation.

A. When a standard part is drilled for installation, it shall be
given a new number and treated as a MAKE FROM part--see PM
94B1, Section 5.034.

A flog and flag note may be used when space is

limited. B. Boeing detai led bloan purts which ore used in t or more am-
semblies having different hole patterns shall be treated as in A

Figure 17.23-1 above.
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17.25 HOLE SIZE CALLOUT The method used to produce a hole will not be included in the
drawing callout; the size and tolerance will indicate the required

A. HOLE SIZES NOT SPECIFIED ON THE DRAWING. Hole sizes method.
for conventional rivets and Cherry, Olympic. Huck, Dupont chemi-
caly expanded blind rivets, are controlled by BAC 5004 or Holes may be called out with or without the fasteners as shown:
BAC 5047 and shall not be shown on the drawing.

.379
B. HOLE SIZES SPECIFIED ON THE DRAWING. All fastener holes .375 DIA HOLE
not included in A above must have the size and tolerance clearly .375
specified in decimal dimensions on the drawing. These include, NAS1306-7 4 Holes for 26-XXXX
bolts, screvs, swaged collar fasteners, blind lockbolts, Jo-Bolts, and BACN1O GW6

Deutsch Blind rivets. . 391T 375 DIA HOLE
.375

S places /.190

Hole sizes may be specified in various ways, such as by note at the XJ 6F .187 DIA HOLE
fastener location, or by a general note near the title block for each .187
size and type of fastener used, or by a combination of such notes. 3 .187

If the purpose of a hole is not readily apparent a note shall be NOTE: Solid (i for .5 diameter or less.
added to reference its use. This also applies to blank holes.

When a clearance hole is one bolt size larger than the bolt, Manu-
facturing assumes the drawing is in error. To avoid misunderstand- 17.251 SELECTION OF HOLES FOR STANDARD FASTENERS
ing and delay, a special note should be added. For example, if a
.313 hole is required for a 1/4 bolt the following note may apply: The precision required in drilling holes for bolted structural joints

.317 carrying shear loads is determined by the nature of the loads and.313 ' DIA. OVERSIZE HOLE FOR NAS 1304 BOLT by the number of bolts in Th joint. See Figure 17.251-1.

SELECTION OF HOLES FOR FASTENERS

Recon nended
Joint Condition or Loading Fastener Type Hole '"pe

Joint transmits large portion of load carried by airplane
component (wing empennage, etc.). Close Tolerance Bolt Cloi" Rear Q
Joint subject to frequent load reversal (buffeting or tenes in joint.
vibration). Lock Bolt Transition Fit

Joint subject to rapidly applied loads as a result of Four or more fas- Close or nonclose
high acceleration of large masses. teners in joint. Tolerance Bolt, Class 1 (j1

or Lock Bolt

Joint in fluid tight structure. All Close Ream Q
Joint in secondary structure.

Joint in primary structure:
A. Not subject to reverse and/or rapidly applied loads.
B. Over-strength (margin of safety greater than 25 per cent All Class II R
in shear and greater than 50 per cent in bearing).

NOTE: Where resulting allowable motion in joint will tend to overload
adjacent structure, use Class I hole.

Joint in which tension only is applied to fastener with no reversed loads.

Joint where close fit is obviously not required, and alignment of predrilled holes
is difficult. Examples: Clamps, fairleads, instrument and equipment support All Class III R
brackets, junction boxes, lining trim, miscellaneous supports and brackets.

(® Close tolerance bolts may be installed in close reamed holes in all materials.

(j Lock bolts in transition fit holes shall be restricted as follows (not for blind lock bolts):

A. Material single thickness next to collar shall be at least .25 times nominal fastene; diameter.

B. Total material thickness shall not exceed 4 times nominal fastener diameter.

Hole sizes for blind bolts are shown in 17.253.

( Class III holes do not necessarily provide the largest clearance advised for all designs Where
the design allows, and either fabriation or assembly is more economcal with larger clearances,
larger holes may be specified with sizes in accordance with 7 411,

Figure 17.251-1



-78-

17.252 STANDARD HOLES FOR STRUCTURAL FASTENERS

A. Hole size for bolts, screws, lockbolts, pins and other similar
structural fasteners are given in Figure 17.252-I1.

B. Manufacturing practices for hole preparation and fastener in-
stallation for all but extreme design requirements are specified in
Process Specifications BAC5004 (for lockbolts and blind fasteners)
and BAC5009 (for both screws and nuts). The requirements of BAC
5004 and BAC5009 are specified by a note silk screened an draw-
ings near the title block. Special installation requirements, where nec-
essary, must be clearly specified in detail on the drawings. In such
cases, it must be established that the requirements are within manu-
facturing capabilities and are economically justified: consultation with
the applicable divisional staff is recommended.

Some provisions of BAC5004 and BAC5009 are as follows:

I . Fastener holes are required to be within 2' of normal to:

a. The surface under the head of protruding head fasteners,

b. The surface surrounding the top of countersunk fastener.

c.The surface in contact with the washer face of nuts.

NOTE; "within 2' of normal" is intended as a shop tolerance, in
cases where design is such that the surface under the bolt
head or nut is not nominally perpendicular to the hole with
1/2', the drawing shall call for a spotface (per DM Book 81,
7.4132) as optional.

2. The perpendicularity of installed fasteners is also controlled by
limiting the permissible gap under fastener head and nuts. This
gap is influenced by hole abnormality, cocking offasteners heads,
lack of fastener straightness, abnormality of nut threads in rela-
tion to the washer face of nut, surface irregularities under nuts
or headls of fasteners, bending of the fastener and cumpression
of the clamped material.

C. Aluminum collars swaged on lockbolts can accommodate more
slope than nuts on bolts, The permissible slopes given in Figure
19.34-1 include the 2' deviation from normal allowed for shap hole
preparation.
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17.252 (Continued)

STANDARD HOLE LIMITS PER NAS 618 (1 0
Nomiral Diamete Close Ream Transition Fit Class I Class II Class III

Fastener In Alm and Mac In SteelMin r--T~ax Min Max MIn Mx i I ax th in

0 .067 .08
1 .075 .080 .093 .103

2 - .088 .093 .106 .118
3 .101 .106 .120 .131
4 Use .114 .119 .136 .147

or /8 .127 .132 .147 .1586_.64.6 close .140 .145 .161 .172

3)or .5/32 .1635 .1645 .161 .164 ream .164 .168 .166 .171 192 .203
10 or 3/16 !.1895 .1905 .187 .190 .190 .194 .190 .199 .218 .229

4 2495 .2505 .247 .250 diameters .250 .254 .250 .261 .279 .291
5/i6 .3120 .3:30 .309 .313 for .312 I .316 .313 .327 .342 .354

.3743 .3755 .371 .375 , .379 .3751 .391 .404 .4i6
7/16 .4370 .4380 .434 A38 standard .437 l .442 .438 .457 .467 .479
1/2 .49v5 .5005 .496 .500 fasteners .500 1 .505 .500 1 .521 .529 .5A]
9/6 5620 . .5630 .559 .563 .562 .562 .563 .58. .591 .610
/ .6245 I .6255 .621 .625 2 .630 .625 .645 .653 .672

7495 .627.50673/4 •7495 .7505 .750 757 .750 .773 .778 .797
7/ 8745 .8755 .875 .882 .875 .898 .903 .922
.. :95 1. 05 1.000 .T 01 1.000 1 1.026 1.028 1 1.047

1 1/8 11245 1. 60 1.125 1.135 1.125 1.155 1.153 1.172
1 1/4 2495 1.2510 -250 i.260 1.250 1.280 1.278 1.297'8 -_ 17 37-0 .. . ....-. I- .. - -S - . 1 .0

.30375 1 385 35 1.405 1.403 1.422
1/2 .4995 1.5010_ 1.500 1.510 1.500 1.530 1.528 1.547

, Class II hales and 3 thru 6 holes 're not shown in NAS 618.
Oversize fasteners are for repair work only and rhall not b.- user in desiin,
Transitinn fit f-ar .,/32 B30DX, B30DY, B30GP and B30Gr, is . 162 - .165, nct per ',AS 618.
For holes with larger tolerances see note ' in Fiaure 17.251-1.
Washer required under fillister screw head.

Figure 17.252-1

17.253 HOLE SIZES FOR BLIND FASTENERS GROUP 1 17.31 TOLERANCES

Hljles listed in F:gi-e 17253-1 ore for high strength blind f'oeners . The r ,J j, ,t,t.-,-,e r IH-lr-. tolerance of 010is included in
(Hu- 1d Bolt 005

BAC 501:4 a-d 5U0)' Drawings w1hi.tl require compliance with these
specificao ns need not cull out norniol tolerances. Ho vever, if tler

HOLE SIZES FOR HUCK BLIND BOLTS nr c ''roller thor ".010 (are tie(essury hey sholl h, selected from

BAC B30LA & BAC B30LB .005

Fgure 1/ 31 P jr',r culled oul or *he drawitinr .y symbol or note asNominal Hale Diameter show, by exrrrple

Size Minimum Maximum

5/32 .164 .167 B These toler-nses are mar'datrry for dimpled structure to permit
tre use of stridard does The some (or largerl tolerances ore pre

3/16 .199 .202 ferred for courtei sunk structure. However. coun-,rsinking tools can
1/4 .260 .263 be adjusted to satisfy special requirements.

5/16 .312 .315 C. Drawing callou! examples of an individual tolerance included

31'8 .374 .378 with a symbol as a general note

Figure 17.253-1 BE ALL MS20426 RIVETS INSTALLED FLUSH .005 (IN

DI AREA INDICATED). -. 000

17.3 FLUSH REQUIREMENTS
173 LSHREUREENSXFVj ALL BACB30GY RIVETS INSTALLED FLUSH +'005 (IN

The selection of countersinking or dimpling, and the flushness taler- D AREA INDICATED). .002
once that must apply, shall be in accordance with this section.

-r--- I
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17.31 (Continued)

) DRAWNG FLUSHNESS TOLERANCE
FASTENERNUMBER (TO BE SPECIFIED ON REMARKS

DRAWING)

+.005
Aluminum Rivets MS20426 -. 000 1. Preferred. Requires practically no shaving.

BACR15BA

Aluminum Lock- BACB30GQ -. 002 2. For critical aerodynamic areas. Requires shaving.
bolts -. 000

+.002
-. 004 1. Usual, as driven.

Maximum stem protrusion 2. Normal stem retention.NAS1399 above skin .020

Blind Rivets BACR15DD b k .
Group 11 BACR15DF +.002 1. For critical aerodynamic areas.

BACR15DJ -. 004 2. Requires shaving.
Maximum stem protrusion 3. Normal stem retention.
above skin .002

Shear Lockbolts BACB30GY
1. Cannot be shaved.
2. Cannot be installed in below-flush applications

which require aerodynamic smoother.

Tension Lockbolts BACB30DX +.002
Tension Lockbolts Stumps BACB30HG -. 005

1. Cannot be shaved.
Steel Bolts B ACB30LU 2. Cannot readily be installed in below-flush

applications which require aerodynamic
+.005 smoother except with specialized dimple

NAS583-590 -. 005 tooling.

Huck blind bolt BACB30LA +.005 1. May be shaved.
-. 005 2. Must be corrosion protected

after shaving.

Huck blind bolt BACB30LB :L.005 1. Must be corrosion protected.

(0 Contcct applicable divisional staff unit for data on fasteners not included.

Figure 17.31-1

17.32 COUNTERSINKING AND DIMPLING

On a direct cost-per-fastener basis, countersinking a hole is cheaper
than dimpling. However, when the increased shear strength of dimp- 17.321 COUNTERSINKING
ling joints is considered, the smaller quantity of fasteners required
with dimpling may occasionally make the dimpled joint less ex- Countersinking is necessary where sheet thickness is toogreat to use

pensive than one using countersinking. In addition, limitations such dimpling or in applications where the size or shape of an assembly
as thickness, material condition, accessibility, etc., apply to both does not permit access to dimpling equipment. Countersinking and
processes and will, in part, influence choice, dimpling are controlled by BAC 5049.
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Co YOk- 11MIISIuM TO WDC

17.3211 MINIMUM SHEET THICKNESS MINIMUM SHEET THICKNESS FOR COUNTERSINKING

"* .-.. n. , t rn eral ttcrnesses wch ore recormmended for corn
.. ,,g are ro-r, ,,f r,._,es 1732111. and 1, 3211-2. Sheets.' -,.

than those -ttd m,st be d,mplid Sheftes hose thiCtness
oent to 'ounrt~'rsri., may be dimpled ,t within he lrrmts cf

7 322 2 n, n, hrr,ts are not valid where integral fuel
,• .. ,g s - eqreme h st-see 175 T -Tr.,H.'j

"* rrr>' '.... ' ' ,"" ' ess. are tjrr et on t'r, m-rr ,,- r.'<rtCca T, Combined thicl'ness of sheets.

, rj -Ilerances that c. Id przowde a .rsfo',r

.. r-,, -iv rg tsurltng , o sharp rdge is poor jesirl T2  - Sheet thickness at the surlace in Ontact with the

,r,. 't, ,te .s a factor Consuit Stress jnt for for manufactured countersunk head.

t0 ;, a ih ci asp0Cid that , i. T3  Sheet thickness at the surface in contact .ith -he
* .y t , j . e o r a p c i f ic d e s ig . s h o p d r i v e n h e a d .

.... . .. '' -,_r-r'rk rivets Rivet Size T, , T,

1/8 .080 .040 .040
5/32 .110 .040 .050

t, ,"FF /-i(--,ESS FCP COUr-4TEPS(NKfrJG (D 3, 16 .140 .050 .071
SI- . 190 .063 .090

5/16 .220 .063 .100

t T2 T I TI Tt' . ... t'~ ~ r : .t Figure 17,3211-2

17.3212 CALLOUT

Tf-ckr-,. f sheeto sheetscountersunk. .. AS " F tA , 
' -
r .

' hKckn'st,5 i top sfeet held in place by flush head. " " " A '3,>i .'I

8 32 8 5 332 3 16 14 1516 3 8 7 16 1 2 9 16 5.8

1 040 051 064 U81 125 125 1 56__" _ -2b0 04 5 -0 ,-3 6 .n j, ..... .r .. .. ... .j.. .........
I ta cx jr, ,'.'r .

3! irsro->oy ,r, ro;nIr, o. -
5 64 081 ?3 125_ ___1

3r1 3 33 02 02 2. 31 BACNIO
49 A9 349 149 Q' '357 01,o 0661 2 9 290A

I ~CSK 100- NEAR SIDE 4 PLACES

NOTE: Drawing or 8AC 5009 .;; control fl.shi,ess

Figure 7.3z2-I

S1.0 orb ' sir"~b,noto:r -f fastenrr arnd fostrrned .e t,,YIy......... ......

n' ; 1. '0 . ; ,ed , por : ) flusr-ness Aherr . i .,.,t-7 ,,,. . , . , .7

belc, rius . of , ;,d TI• ., . .,;. > ,,rr l. dbec- lo f 4010-, 05 , rt ;ra 2 .' : ' aH " . r ., •

,r ali be 'cyrersr: by an amr unt equal to the fia r r r 1 ( ott. , : ,
perm,rter' 'le, '. h "Cist ess f rnr I q r (r r 1 . ..- .,r

Fgure 17.321; I .279.291 DIA.
27.279

CSK 100* x .515 .525 DIA.- .515

- ,,se . , 1. i-r.n flush heads 
4 PLACES

I, '/ I ' lues apply to both countersink and protruding

i..i rvet; ,,,r,, 'hnks ore driven flush in a cournterink sheet to

" 3,,m er , i.,f,,,, the shank diameter. Figure 17.3212-2
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17.3212 (Continued) 17.322 DIMPLING
COUNTERSINK DIAMETERS FOR 1000 FASTENERS Dimpling is used where sheet thicknesses are too small for counter-

sinking and where the higher shear strength of a fastener in dimpled
NAS514, NAS583-590, BACB30LU, BACB30AB, BACB30BF sheet will permit the use of fewer fasteners in a given laint.

Theoretical Flushness Dimpled joints are either a combination of dimpled sheet and

Fastener Countersink Limits - For Reference countersunk instructure or of multiple thicknesses of dimpled sheet

Diameter Diameter
0  Only; Do not srcify as shown in Figure 17.322-1.

on drawing 2

No. 4 . 225.233+.0
• 225.225 -. 009

No. 6 .280.2
8 8  +.000

• .280 -. 009
.345 +.000

No. 8 .335.35+No. 8 .335.335 -. 012 Figure 17.322-1
3/1400 +.001

.390 .013 A. Extruded, forged or machined sections shall not be dimpled.
1/4 .515'52 +oo01

.515 -. 015 B. Dimpled parts subject to fatigue and heavy vibration should be
5/16 645*

657  +.001 made from 2024-T3 in preference to 7075-T6 provided strength and
" .645 -. 018 other considerations permit.

3/8775' 787 +. 061
"° .775 -. 020 C. Warpage of sheet during dimpling, due to metal expansion dur-

7/16 .905.920 +.001 ing forming, can be minimized by observing the requirements of
____.905__ -. 021 17.3221.
1/2 1.0351.050 +.001

1 .035 -. 026 D. Worpage of dimpled joints due to rivet shank expansion can
be minimized by use of countersunk instructure and/or by non-ex-

0 A change of .001 in countersink diameter will affect panding shank fasteners.
flushness by approximately .00042.

( These limits are approximate because head sizes and E. Thickness limits and allowables for simultaneous dimpling of

tolerances for various fasteners are not identical. They multiple thicknesses may be obtained from the applicable staff unit.

represent variations of head diameter, head angle, In such cases, the total thickness of heets to be dimpled at one

countersink diameter and countersink angle. time is considered as a single thickness in Figure 17.322-2; draong
notes shall clearly designate areas which may be multiple dimpled.

Figure 17.3212-3

MATERIAL THICKNESS LIMITS FOR DIMPLING

MAXIMUM ( ) MI NIMUM

ALUMINUM MAGNESIUM CORROSION RESISTANT STEEL ( . 0

Dia Portable Stationary Portable Stationary 
- 

Portale Stationry_ Do 010 .016 .020 .025 .032 .040 .050
Annealed 114 H Annealed L/4 IH

3 32 .050 .050 .050 050 050 .040 .050 .050 2 CAM
CONVENTIONAL .. 063 .063 1 CA M

RIVETS 5 32 .071 ,071 .071 .071 071 .040 071 .063 5 A M
(Except BAC- 16 07 090 090 .090 090 040 .090 .063 C A M
Rt5CE) 14 06 090 125 1 5 .100 .040 125 .G50 _/4 - C A M516 .063 .090 .15 .140 .091 .032 .125 .050 516 C A M

Vat *.050 .050 .050 .050 ,050 .040 ,050 .050 1/8 C A M
BLIND .063 .063 .063 .063 .063 040 .06 .063 5/32 C AM
RIVETS .071 .080 .080 .080 .080 040 00 .063 3/16 C A M

I4 .063 .090 .125 .125 -710-5 .040 .125E .050 1/4 C A M

31 .050 .050 .050 .050 .050 .040 .050 .0503/16 C A M
SHEAR HEAD 14 .071 .071 .071 .071 .071 .040 .071 .063 14 C A M
FASTENERS .080 ,00 .080 .050 16 C A M

38 .063 .090 .100 .100 .00 .040 .100 .050 3/*8 C A M

1 8 .071 .08 '060 1.080 .080 .040 .080 .063 0 a C A M
• 10 071 100 101 .100 1-0 ,00-=0 .- 3t) ; A M

TENSION HEAD -.4.03 W ..0 .000 040 .100 .. S0 I,/4 C A M
FASTENERS .063 -090 100 140 0 20 C A M

3/8 .040 .063 .080 .125 .063 .025 .090 .040 3a C

(0 Above the heavy line is the maximum material thickness for obtaining a C - Corrosion Resistant Steel
structural advantage over countersinking. Below the heavy line is the maximum A - Aluminum
material thickness within the dimpling machine forming capacity. M - Magnesium

NOTE: Clearances for the stationary machine (CP-450 EA) and a typical port-
able dimpler are shown in Section 19. For other portable yokes see
Standard Tools, Volume III.
Consult applicable C.A.D. staff unit for:

(a) Limits for dimpling titanium, or materials other than those shown.
(b) Limits when simultaneously dimpling multiple thickness of

materials.
() Austenitic Group which includes 301, 302, 321, 347.

Figure 17.322-2
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17.3221 EDGE MARGIN

Where a dimple is sufficiently coined to assure proper nesting a B. Adding a stiffening flange. The minimum flange heights should
radial stress remains around the hole. The greater (less restricted) agree with DM 81, Section I , or as listed for formed sections in the
expansion between the hole and the edge coses distortion. This SAC standard pages. The flange must have sufficient flat surface

can be minimized by: for dimpling die contact.

The use of butt straps without a flanged edge is not recommended
A. Adding 50 per cent to the design edge margin. For design where no other stiffening member is present. Waviness in the skin
edge margin see Section 18. Thicknesses less than .050 need only splice will result because of sheet stretch due to dimpling and rivet-
the design edge margin. ing unless stiffening restricts the waviness.

Warpage

4:) _4 1.5 x Design
Edge Margin

Figure 17.3221-1

17.3222 CALLOUT C. DRAWINGS. Projects shall issue sealing installation drawings
to define sealing requirements for each model airplane.

A. NAS CODE FASTENERS. Dimpling is called out by the letter

D in the SW quadrant. See 17.211.

6. OTHER. Dimpled holes for flush head fasteners such as bolts 17.51 CALLOUT
and screws which are not covered by NAS symbol callout shall be
specified as follows: The Project sealing installation drawings shall be referred to by a

note SEAL PER DRAWING 29-00000 on all Project drawings re-
quiring sealing provisions. Reference to SAC 5000, Process Speci-

BACB30AB-4-15 fication for Sealing, shall be made as applicable on the sealing
DIMPLE 100* 4 PLACES installation drawing. In addition, these drawings shall completely

describe or illustrate all sealing requirements not included in BAC
5000.

+--- -- 17.52 TYPES

Type and levels are per SAC 5000.

Figure 17.3222-1 17.53 MAXIMUM SPACING

17.5 SEALING See 17.5B.

Fastener sealing information is found in:

A. SAC Process Specifications: 17.6 FASTENER USAGE CHARTS

The following usage charts provide convenient reference and com-
2. BAC 5000 Sealing (in general) parative data for fasteners in common use. The BAC Standards
2. SAC 5047 Fastener Installation; Fluid Tight (D-590) should be consulted for complete information.3. SAC 5504 Integral Fuel Tank Structure Sealant

4. BAC 5732 Integral Water Tanks.

B. Documents as specified hy Projects: 17.61 NAS SYMBOL FASTENERS

1. D 15248 integral fuel tanks In this classification those fasteners appear which are shown on
drawings by NAS symbols.
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17.611 SOLID SHANK STRUCTURAL RIVETS

SOLID SHANK STRUCTURAL RIVETS
PART SIZE

ILLUSTRATION AND PAGE MATERIAL DESCRIPTION
NUMBER RANGE

MS20470 AL 1100, 1/16 TliU E3SAL HEAD
80.90.1.2.1 AL ALOY 3/8

5056, 2117,
2024, 2017

BACR15B 2024, 2117, 1/8 - 7/06 CLOS Ta~tANCE SHAM
80.90.6.6 AL ALLY (J14IML Imo

W6;206114 NAM 1/16 - l AA
80.91.1.3.1 7/16 COMMO AND HEAT EISLW

UNIVERSAL HFAD

ms20o426 AL 1100, i00' FUM HEAD
80.90.1.1.1 AL ALLOY 1/16 TM5056, 2117, 3/8

2024, 2017

8aaUSBA 2117, 2024 I/8 - 7/v, CLOS TM9WICEAM
80.90 6.7 AL ALLOY 1000 M- HEAD

BAC1115 5056, 2017 3/32 - 1/4 SPECIAL LO HEIGM 1000
8o.9o.6.9 AL ALLOY SHEA HEAD

D20142TM7NmM-TLPWESA4
80.91.1.1.1 O3T0I O AND BEAT fl3ff

1000 Mn= MAD

Figure 17.61 1-I
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17.612 LOCK BOLTS & HEX DRIVE BOLTS The dornneter tolerances for Ioskhritr. 
5
(A I ',i i), witrh %-rq-I, -1lor,

oire per NA 5618 I . dee closer to I Lrrnrr01 Ijlj0'(jj rrud Of,1 ,,
r~rir..-r ---.. -J,' ed I- ke-n~r a r-ducthon in c.D't offered .,rh Hr-Lrk faisteners tfrrtrrd,rdl roh'jr % ao-,,nm'

ore m,. il ron' proimldfor? terrr~ik highenr cost jssoc,ofed -itf thf, Hr-Lr,k. 0,. rup,-A to w~kbollt. The
.. r~~ ..... o t i -. ',rjn it- rvO/l. Iif Oie oreq. e~re. Pod l-type lockbolts brc,..( a "Irct p"m tot ."'e 18 21 Ic.. rjlo.-ofes
r .ir.rrm i A tra %rIte r ,,; r e mre'e IT Iit i (rrrnrde d ,

-er ,, ' I %a , riote r r igidiry rnd bette r c rp- up The PrilI-ty pe sheor IockbolIts arrd H s-too'. are intenrded for shear opplirri -
pe o a ,Il-joorr rf, r..... 'rae for "r,' here hons -here tool clearance is ader,write. Ttiey offer j,,cIient dlornrprrq

Orci ir pr.
t m  

me
0  

0-rerr.ro< jp 0.rI ho~ir hed rd cton orrd rgood sealing properies PLu1 type rensile rockritrr' pr-uep, -son yp- hs I frrvie reudan gcjod residual tcnsior and '.eofrrg pr( ;res Sturc,p ryfp. ,rr Indeor
iho ockbolts ond Hi-Loks ore recoin, ended for opplir otrorr'.e, re

there is not sufficient tool cleororice for pull type lockrolt

LOCK BOLTS & HEX DRIVE BOLTS - TENSION TYPE
PART STRENGTH MAX

ILLUSTRATION AND PAGE SIZE 70- MATERIAL FINISH TEMP MATING COLLAR
NUMBER RANGE .10, Fsr,

513? - 1/4 2500 HA.S l0ft B0.80.5.5
BA4003600 '116 - 3/8 55 8.LrY SM. CALLIK0 2500 w bat180 8805.5
g0.81.6.19 5/32 - 3/8 050. 18AS 00801r a8005.5

5/32 - 1/4 CAD80rLI 2500 885 1080 80.80.51.5
FIACIUlIII~l 0801m351. A 5/16 - 3/8 si5 A286 -- 25tt NMS 1080? g8 8 5

86 16 /16 - 1/4 11"T 90 R80 C3( 9..0 3 c

880 0333? 5/32 - 3/8 88.5 AL14DNt1 ANODIZE 2500 485 l080m 86.8o.'.5
8o.8a1.6.23

5/32 - L/4 2500 NhS 1080 80.5.5
880 b03000 5/11l - 3/8 95 8ALLOY MM~ C8OI4It 250P 885 1080? a0.86.5.5

8.1.6.16 ,/v - 3/0 4500 IrS 0088 80805.

5/3.' - 1/4Z0 A OB0oB..
_ _ __ _ 118081001, 5/160- 3/8 95 8280 qA)P C80r5r HAS 0.0 5

ca.61. 6. 10 i.'1 - 1/4 m9 WC0 1

B886 0 5/32 - VS0 11.5 AUK"10? 8. 5 2500 NAS 10880 80.80).5.0
Bo.81.8.24

3/16 - 5/16 2500 885 1080 80.80.5.5
BMC B30M1 3/8 95 811.00 SrEEL CA8140 2500 NAS 1088 80.80.5.5
80.81.6.3o y/16 ms-a 0&

3/16 - 118 bIFOml.8. 9000 886 C301L 80.80.6.27'

EICB0F 3/16 - V80 44.5 8111000 ANODIZE 250. PAS 1081 80.80.5.5

3/16 - 5/16 5* m of oB..

BAC 03086. V/8 915 ALLOY 121m~ AIn~ 2500 mAs 1081 80.80.5.5

808.-1 3/16 - 1/4 ms.0.1 I0" a8 I

886 83W1 3/16 - 3/8 88.5 ALADC010 ANOIZE 250 HAs 10808 80.8r5.5.5

80.81.6.216

b86 WC8 II 5/32 - L/2 95 ALLOY 0*1(0048 8500I 08o ACO 0.5..2

5~ ym-/32 - 112 95 018100?m r. 0 C 080 , 3 A 80.65.6.2b

80. 856. j9_

880836*1 3/16 - 3/8 88.5 8L1.11 ANOIZE 200 8860C30? 80).80.6.29
8o. 8 6. 8

owI 5/32 - 112 95 A286 CAL01 Olt 4( W0 880350 o85.6. 28
8886 v800 880 CIIZ 8C. 8- .0.31

880 8t308t /t - 1/' 95 CADIU 04801 500 880 0.v 6M 8.85.6.28

MB 20826 NW8 30hZ 0--- AN 509 1108 3701

Frgure 17.612-1
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17.612 LOCKBOLTS & HEX DRIVE BOLTS (Continued)

LOCKBOLTS 8 HEXDRIVE BOLTS- SHEAR TYPE

BAC B30GW 3/16 - 3/8 95 ALLOY STEEL CADMIlI 250 BAC C30K 80.80.6.26
______ llll 80.81.6.28 4500 NSS 108oE 80.80.5.5

8AC B30GW ( )A 3/16 - 3/8 95 A286 CADMIW 2500 BAC C30K 60.80. t.2t
80.81.6.28 3/16 - 1/4 BARE 900 SAC C30L 80.80.t.27

BAC330GP 5/32- 3/8 4,.5 ALUMINUM ANODIZE 250' NAS 1280D 80.80.6.5
80.81.6.23
BAC B30GY 3/16 - 3/8 95 ALLOY STEEL CADITUM 2500 hAC C30,( 80.86.c.2t

80.81.6.29 6500 NAS 1080E 80.6c.5.t
BAC B30GY( ) A 3/16 - 3/8 95 A286 CADMXUM 250- SA0 c3c. 80.80.f.et
80.81.6.29 3/16 - 1/4 BARE 9000 SAC C3CL 80.80..27

SAC 530LD 3/16 - 3/8 44.5 ALLAIIUM ANODIZE 2500 SAC C33K( 1F K.80.t.2t
80.81.6.37

BAC B30M 5/32 - L/2 95 A.LLOY S CADMILP 2500 MC C30M 80.85.6.-5
50.8 *..1
BAC B30FV 1 )A 5/32 - 12 95 A286 CADfoIUM OR 2500 AC C30M, 80.85.t. '
81.85.6.,- BARE 8000 SAC C30AB*0 08..

WAi JA0GZ 3/16 - 3.8 44,5 ALUMINLM ANODIZE 250? BAC C30P 80.05.c.1
80.85.6.7

BAC BS3OMY 5/32 - 112 q5 - ",V C0Ml 250 SAC C30N 80.85.t,5
80.12.6.i01 N: ',

SAC B30FN 5/32 - 1/2 95 ALLOY STEEL CADMIUM 250' wAC C3oM c. 85. t. 180.89.6.2
bAC b30F4( ),A 5/32 - 1/2 95 A286 CAMrM, OR 2500 BAC C30Y 80.85.1-5
80.81.6.2 SARE 8000 BAC C30A8 P 80.85.6.33

SAC E30801 )jZ 3/16 - 3./8 66. ALJMIIJ8 ANOLIZE 7W0 SAC C308( )R800.05.6.-6

BAC B30NW 5/32 - 112 95 CADMIUM 2500 SAC C30M 80.85.6.15
80.85.6-8 T A N: U

M1 2042b -EAD STYLE

Figure 17.612-2
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17.613 BLIND FASTENERS . J ' " , .I ,jiU, .<l'

:j - _ Sl 113cl c L,' iee -Atl J- i I

- l , ,r, l S~, ..... s<I,, E'C,, no Uls r.r-125 ' '<I: . .~ .& r <jg' ; q .il b,.. .rIcu :17 ']' a , s o ,,s,1 e.s tc , ii:. , ri IL

W i cth [.l" I ' f 1u ': 1,

sha ll b, tIke ore ihi,' jjp l u ,, tk- Ict ' t * .. r -

Iowable.

STRUCTURAL BLIND FASTENERS- BOLTS

A IL - V8 AL-Y LI:.-.ot.I FILs

7

iy~s 17.513-1

1 .r 4dren:'. hI r L~llulL 1 Loy url' mo el 2 cn ot use fr tI I ti! -, It

s~ :;i s IS I fo> .IpplicatOicn,
, +' *r [ , , _-1 1' f C -'r ,I be + JTI'(. iv e Suiq' +-I to 0;e Ch'-n'(OiL ,{Zt(/~JiL ZlL+I+t:'( ~ tt L

D I, I r IrlI I I'I I..IICI Ir r4ICILI'I !I-TI I, :I

C C P, , P I I. ch' 'I'./ L r ,.s I r' . .
• • ' I+ f:+'' L r t' e ' ,n , a : a +ed tar lightly Io+ded +l p i u i+: r, 'e sut ,:k". . :

"'"'1
!

] V t*~ 'r'.h~ .1U + ,tt! ', [h4 ILtotior<a I s .I rol t ;rIf-S t r , 'I1 - ' . C 5

BLIND FASTENERS-RIVETS
ILLU'STRATION PART & PAGE SIZE MATERIAL FINISH MAX DESCRIPTION

NUMBER RANGE TEMP *F

- ,-: - he minimur- blind side sheet

.hickness allowed when usi, S
-"- -. 1... ."LL NAS 1398 or NAS 1399 blind

rivets is D/4, whese D equal-,

the hole diameter.

_____.. ._ ______"H ole filling and lockea ste m

.i;7. ,7;Z
-I _

.. ... £ .. " Non-hole filling locked

stem - fo thin sheet

-__ ."" Non -st I u c t u t a
"_______"________Hollow rivet useo only for

3 ynaA:nt plate attachment

Figure 17.613-2
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17 62 1 BOLTS . ... .]."IS'r2 2 f I.....

2~- t972 ... .. I 2 2 ,1 C

PROTRUDING HEAD STRUCTURAL BOLTS-ALLOY STEEL
STRENGTHAS2

P RT MAX IZE

IL LUSTRATION PACE o 70-F 70-F TEMP RANGE 2 f.' MATERIAL MATING NUTS

I W 1_ __"K2

iAU ITAA A .

I 5S

A7m A j A I A 7A

'1717 AA I T"22'I

125M ~_ _L_ -_ --- - -tA PQL YN 1. _Q___ 1
A' d A I [A I I

?- A A l

* ~ ~ A01 TEIl), Al A 1 1. IhkL (.X 2 .I

IQ '112' "I('u A

x A T3fEIA A(I A. AI IA

, 2.1- A AI (21

--- EIE 
., -_ - 1 '.__ " - 1WHA:I %'* 21-32 1 ! , !PV

x 922" 1~1 A [ A-2 7mmP

r A .EJE 
-LOA 1- R $

A',O' IE A A A_ A1 m

mc b13 1-9. -

171 45o. Tift A I A" 1

~IIIIUU II> A(2 lO >LAu-~f A mo 11 fliP

ms I I I I



17621 BOLTS ~MCJI ~I
PROTRUDING HEAD STRUCTURAL BOLTS - CORROSION RESISTANT B ANTI- MAGNETIC '.

PART MRj&L ANG S IZET ~
AND) CLASS F.. 'F'

A I 7

I ~95S I

FLUSH HEAD STRUCTURAL BOLTS - ALLOY STEEL

~ > 95SI fF

FLUSH HEAD STRUCTURAL BOLTS - CORROSION RESISTANT & ANTI- MAGNETIC

liD' T~ *A--.'

A _ _ A 1 1 -

4-', ) 711 x T - F

_ -1 -1 ~ ~ ----- -4;tj~ ,:"A A

i- 1 1

Pi1nk R. ATR. L.Dufl ByT wir 'CAPAR1LMT AVULA. [IN VIP-IUDfl1 MRUM USE [IN ftUWAUMq M1ALLATICt LNQUY

IAmL Y W ITT., 71 L M AICrArWTITANiTJILP PIFAMX.
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17 621 BOLTS i PROkm (A y Fu2ai 1kL 1%j X

PROTRUDING HEAD SCREWS - ALLOY STEEL

1251T

om I 60T'

gr~~ 12 'T.

A..I

PROTRUDING HEAD SCREWS -CORROSION RESISTANT S ANTI MAGNE rIC

__________T_ _________ - STRNGTH SNT ~AI AT
PA MAX SIZE

ILLUSTRATION G U&R 7F 0 TEMP RANGE MATERIAL MATING N ,TS

NUA~C~L 'AP~ W

~-A ~ I 7
'yI. - TIIRJ A A A[ 21h

1 25Tl __

.:M1.1. Y N '7 11Al A Wk V. PIA4A*M L46TAUATIWd I1ELY 12AZLY WIT WIll, DIII I IUJ V DICIANT 6:"' 2 2AN' IA Ai:M

FLUSH HEAD SCREWS -ALLOY STEEL

- *fr ~121 __;v 1
FLUSH HEAD SCREWS CORROSION RESISTANT 8 ANTI- MAGNETIC

-~LMOL NUM I~sL Wr2I, lY IIA U&PIICANT Wl AT TAiLP1 PASUWIZ
I11N PUMMhIJ IhTFALIA1 ,I'I NL MT Y 1

111'I / 62 4



-91-

17.621 BOLTS (Continued)

TAPERED BOLTS - SHEAR TYPE

PART E STRENGTH MAX.
ILLUSTRATION AND PAGE SZE 70.F MATERIAL FINISH TEMP MATING COLLAR

NUMBER RRNE AO Fou -F

- C 0B3o X- 108 A) SZW. CAM;; 4 1, y(,)8.60.6.50Bo.2.6.42 12.0 A 2Tw : doir,/A if lyI'fA). 8.60.6.s0

BC 33CJ 3/16 - 1 95 b f-L-4V 4 CALMIM '504 MC IlO.N) 8o.0.6.5
80.13.6.6I ti, U'

AC 830PB 3/16 - 1 108 XX CAL)1IN .llttllII .:..: l P .1AT I0 () 8.60.6.50

Ba 83OM 3/16 - 1 95 6AL-4V CAWDIM 450- W N1OHt() 80.60.6.50

80.12.6.9 TITANILU!

TAPERED BOLTS - TENSION TYPE

BMC BOPD 3/16 - 1 i08 AUOY SIM CAMITUM 4Wt48O BACNIORD I0..8..0.2.6.53

SAC B30PD(A) 3/16 - 1 110 A 286 Cad.,Ur SO 8ACN1OID(N) 00. 8II II~ll 80.2.6.5 *1e 900- AN0DA 4.0G .

BAC B)Ol'E 3/16 - 1 108 ^,LOY MT. CAJU 1500 BAClCIOND O0.60.6.67.1

80.1.6.126

AC B3OE(A) 3/16 - 1 I A 286 .a k, . IACNFgRDreAK)20.6,II IIItl o.1.6.126 9,,r 00 z, ^ oo, .

Figure 17.62 1-5
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17.6211 TITANIUM FASTENERS

R A Coarrpurasaa of ttanaaanl and steel C. UV9 R

lI IAr,4lIW !EEL COMPARISON Ittutatutt fasteotars tate paaatata ay istad heatrn eqt t p:rtta:
cona~detatora srre F aqurI / y,21 1 lor vc,,JhI otsoa Yara

Tdo .... Steluse 1% suabject to the fraliatwarc tarnatataotas

I oIly tattataurn fut-, stoma .rt Figure I /6 1o 1, 4. ad i,
l-1l 13Ls/ui, .8 bs/Cu an, (/4% shall be usedJ The::fne ru .19 inch cdome throughlI

R,- ro. asgod a Wmu" 2 Fatenrsof 9 nchdinieetshall bae used onaly if the otII

(-l ...... Equtal to Casdnauna Cadmitumt plate Fcair
t.-. I "I',". pirate 3 h

Ma'Jaetc 1,0000!, Alloy Steel =High wcora- wth 18.21 rand I1t 22.
Pe arateabalaty, 302 CRES =1.003

304 CRES 1 020 4. The lottsttergthod erdgerargan tables in 18 2~ ; . 18231 3,
A281, 1- 001 and 18 23 4 shall he used for titanaum fastenter d~ga a a

pliccible

All,,y 6AL 4V See procuaremrent spe(s. 5 BACB30MR. tittatisrn ten-tort fasteners, troain 2ctaI d~cattratr

Ttatai [... at I,0 Lltt ...0t4) of 450-F (Liartat of Cadmiaum through 75 edtb daattaceter, may be uased an priaray tensiont op

(tad an tar P late) pirate)I ph aar ons,

Gao tit E qal to saeIpl us Sec- pratareartenrt specs for 6 lThe use of ltutniu urnar cortouct witha i quad oxygern as parohiabated
(arattaa I frtaqutates as a ea~fttreatnats ata eithet the pa esertcr of faaslt -tarface, aspo d lay lea

saltt rupaturae, air imrpact nCay nasattutt a violent antalut latapota

Fagote I/ 6) 11 1 of fathe lut -a -1tttat l~qo.dJ -tygca. tatt ,%.,It -a.
reacaiof at egy leeao, loms l0ft lb In tjoset~ow oxygeat.,

b (ireaertl laafoaanataaa arad froma temrperature% of 250 *F atrid above. a paartiaal pressure
of about 50 pSais %-Uffit-eat to agnift a fresh titotoaati strfuce

I l0ramartt- shall show fastener installation per Boeang tprocess spe- 7. Titaniumn fastener% %hall not be ased for single joint rrarne~rtra
,ftatttnt, BAC 5004, BAC 5009 and BAC 5054 as applicable,.uha oto o rdataftnn tottlpntit.o
Dtrt etrgs shaould stpecify tftat the torque fat etats used or fitaniun sppucatas onrlrodthedattaene as ubj cttoroat inlin orsldn

fatats an tr rtroaata ta ithBAC 00~motion betcause of poterattot fretting or galling taf tfhe tatanauna

,i lItanrarttr ribin oaatrajtr slaiding raanst tself or artany other mote-blt
attals surf s alloay steerls aaad oasttaresistaaat steels. wall (Jail

a natly T ias a estaIts tat tthe c rea tionr of seveCr e stress air setitd- 8 1 aturaaa r bolts sIhalt be used oatly an cartj tns taoa with steel nuts
atarI lo eadly forae fattare Auoid destgns whicf result an motian that are lubricated wath a artof ybdenum disull ide dry-ijlm meetang

tat botlt s-afrat , the aequtacutients otf BMS 3 8 The proper nut comnaitons (ite
tabulated an Figure 17 62 1 1, 2, 4, arid 5

3 latata tart bult., taall tait tie u-sea art (lose rearted holes an steel
or a,tostte stee!l at irratraura ,tructure whtere taghteraitag froana the 9 Coallaars for shtear type anad tenston type titarnaum hex dritee bolts
fitl! terad sdra as reqatared. Galling of faneIfasterner shank usually are prescribed art Figure 1/ 612-1 and
a,-11a It, tat~c tfaie astaltions and cr-ate: stress riseras leading to
etarlIy fholt fatlate. I0. Nuts for Taperlcsk fasterters are prescribeaf an Fagure 17 62 1-
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17.6212 SELF-LOCKING BOLTSF AP e-qCapu bshg lys
'v. i Ie mgbr~s shll ,~ ued mls, [Le- -, Lmrroges. Hinge p rn 5, Axle,, Sharfts,

"'0 blssuib sd..inst tilolions r h do not allow Siprrmder. , Cear s. Coar-,s Corn ollowe r" S 1 dnry
rw I ,kmnq or arstelloted trots ftupperi hole-s, ..... Ire rr,I rm ....... .i Preot I C...I

ir;r ... .ao. of -- lf lo, kingc b,)lts moay be u,cfeved by twco
r- Al army smrl bolted struurrrr joinmt wchrse, n%. I' 0 pt,
mory load poth, thre failure whirl, would endanger the safety of

pi-int .. r..... t ,rmInllerd mon the threaded potiorm of the bolt fl- personrmel or would renrder the equirinrt inoperative or cause
ii-. ,f ilt. type i limited to tertrpcrutre environ ments ulo ith de structioan.

E.XAMKtF l' id loint5 T - r 005. Str uts fixed length memnber s
v , d, 1 +Iro, , ....t f the thrrrad pm? r dmmrete, the te-pe r Wing trifurrrrents to fuselage. Stabilier surfa'e

- 'IT..I.. r.mo auhun A tims% type ore controlleid fy the bolt rmate-iml attrohments. Longetoin joints, Alighting geair roints
f" f ... 'h'and f inie rmounts

iy-,1 oil %0 m -ti r e bolt% obAimr thre lacking action 
1
t orn friction 4 Farstenler s that r onto C a self locking element design whric h in

rr"tml b ith nomerfterm between the noting threads. Locking corporotes or, insert or portthat istron-rmetallic shall not be uised
tm-ry-m -,,l other. prrrforrmr .rc requiremnrrts aire subject to (orrfof in parts whrere tire locing element will encounter 1,eyway-,
......r tr. P 1 I 18240 slats, rross fhol es or thread ti- etrupt ions.

t-fI -rrking [ vlerrinally Thrreaded Frrsteners shall be Subject to 5 Fasteniers shall rot be used it, assemblies whmich -tnrruTr th-it

ine 11--y..mr [ mrrTotiores fasteners be remrioved for routine servicirng purposes nlarertires
I O~ttT~ineT than the num rber (if remro vol s specified itt the aplproto ,r en

ri,~eshall be selected aind used ir, a nanner thrat will ing elemntr or fostenrer specification or standard.
Tm fr t lrr t orrrl anrd dimensional i nterchang eabiflit y wilb, a

1; t ffrr lmrs r,,,I y tire attributes described atrd defined by the 6 Fastener s shall not be used on jet engine aircraft in locotirns
nITprlle starrrrds TIind spec ifications. where a loose fa stenerT coould fall or be drawn into the enginre

air intake scoop.

2 Fasterrers shall be used ornly in applicationts thotpermit engage
rtrent wrthr rorrrplete internal threads aver the minimum external 7. Fasteners that fhave mad the locking eletrerrt reworked or re
thread processed by other thranr arr approved manufacturer shrml rot be

used by cantractors or fi eld main enance per somr, 
1 

of tire

3, Se~lfl rock r exterrrally thrreaded fasteners shall not be used as services.

8. Self-locking elements classifred as 250'F ore intenmded for use at
TIAt aoirls cm corrtrol systerrrs, at single, attachmenrts, or where ambient temrperature conditions ( 65'F to 25O*F) andatedetigtr

aos.. of the- fastener would affect saifety of flight. ed to function satisfactorily at temperatures thro thatl ranrge

b. As or, axis of rotation far another part unrless the fastener 9. When fasteners are used in applicatrons requiring controlled
is iirl by a positive lorking device tfhat requires shearing or tcirque , such as clamping nmolded gaskets infuel cells, considera-
rulri, of rnrmrrrrrl befrrre torsional loads would be applied to lion rmost be given to the marximumrand minimum lockiing torq1ue
th, fooetn.rm in Tim , S~, ortmTner na. to relirtve thme initial streses prt-nritteti by tire lorkitmg Irlement or fasterrer sprrmmfrcrtion (it

Iiit: r1m T"rIU "f1 Tint t tr late loose. Stondar d appi ov ed for use.
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17.6212 SELF-LOCKING BOLTS wCotirued,
Pruder, selecto, of the pojrt reh( Cr t und rarttJ~t.A,r
-Otr QilOwed will ,u$.rl ly er... ii6 t,'fter qrOl'y p-r. 'sPt

IU or TI, 'I, r i , rrj.; *:Ii+rur,td rli',ujrr', firJ? irJ~trr~ rll ji r'lr

. J ,, , ir i ', :iii Itr im ~ti +t'nrj 11r f I rr.: rr I )('r t '

t ...... lda~ ie. ti' iri r t ha tI~ , ,ijuiri 'ti,r-,11
r'1 +* i ,ir r- frir-ri,,r IJfJl+: ,,''. prerrr thrg ri tfirrurl+ rrrrrrQ rhutri:,.<rltrIott ;r , i ' fJ rllbt'r'

, jr f 1t,*t.:C!i,'O u it Th, + o+ ri *t (I lrr~l't tt h ir)' ti(rt+ Irdli, i
1-,,-, -,, P-ihonmf of rthrii 1-h ph

f-A-e,:lJ~t t, l' -- A +; ft IJioll ho e ahr d'amt t e t-[<ff

ti H t , I : Io 0 1 r( q , lre rnre nt f h n ,pr c fn uit .... f th +

. lr.....rnj ntrite o rrr.trudi b-:rrn-tfn., rdi. .'.... tt,(r',. I t'J. .d - -it ire r i r,tr - ..t
IrSi+fh llf]+ r+ tplreuri ,e .rr'r r. w'' i I , c. r j r r t ,.It rjni' t r l

l.- rn ' r tririji r nt,, nlfr i'.ere;.ti -11 1li4rrtl rir it, i r. un , , ,i tr
', ,+ trterJ nuts, r el+ 0(.ri 9  r~uts,. ' '/ 5/ 33. N .

t  
A+/Ar] '42 8 e3 r I tted t, ,, ' ', t

pr r, I,tI, e r Tpt e L S 1/42 threods, for MtlL B 7am
.j, For , r',r ' se , ,'f rewt ,, jr from ''p bolt ,t r-r, uC,,

i u' tri t rr'r lritrr a tO , 'onl o, a o , ihr , .
17.6213 NON-STANDARD THREADED FASTENERS rit&-rrtri .r,, wt), for-udr't< Mar,' .94B Sertnr, 0.0<2 1,ee

1e 8 nor I 8 d fr i o r i.or of l;I irout tir, id fbr u,
A, DEFINITION

2. Highly reliable bolts and pins
Bolts, sriews rund thr irided pins whih fire unavailable under MS.

.1, 
~

S/*
,  

'rurJI f.r ,f ,-! d,l' ,, All ferromagnetic bolts and pins, which are used in areas where
r , r-ri,,rrJ the fG lure of such a part would endanger personnel or would

become a hazard to the functional operation of the vehicle, are
classified as "highly reliable" and must undergo magnetic parB SAOE tide inspection per BAC 5424, Class A. A special note on the
drawing is necessary to indicate such a requirement.

4'o. rn Oet r'. of specril otter ert, for tie following re o',
C',. uaed , stundord fusterer- higher -o s ore normouly r Avoid hollow shank fuse bolt design because it has proven im

, Prr -y..r ,r9 Cr; usirg ',or struriord terrs becouse of o, practical to control processing (particularly heat treatment) to an
obr, e. pe(,o 'de,,tfncutor, n ord risperror procedures cr1 adequate leve' to maintain failure strength of furze within narrow

potsbne eqo rer-ents for Pstorner opprotoJ r, Some sltOtces, design limits. Whenever possible, use conventional bolt design
d'ruoprr ,errt ori q,,ihot,(ion testir ore necessary as fuse bolts. Allow a minimum tensile strength variation of

t 15,000 psi.
C 2 ~rn'' o' ow eesrr e,lucerriefor ports becomes mr

" ,rt' r ' y 3. Materials

'F' . iJ) ' r sri' , 'I'jlwd rit Cr it rF't+ir r rer C ,r-
,  

Although some of the specifications listed in Figure 17.6213 I
"'t+, i. ,' it': r t l' n-' ,r,!, ,, , pF+jrer provide a larger schedule of materials, it is desirable to stand

. ',it pu' ' . ', '-in nt, rirrnqe, ,ardize and limit the materials selection to only thbse shown in
'' 4 1 t-.''' + ' 'p. rn ret, l ' r u'trn: rI'5 'ri, the Figure 11,6213 I. See item 7.c for drawing requirements

ir i ii i" jri ,. rr 4



17 6213 NON-STANDARD THREADED FASTENERS tip-r ,r'

ar iii-r, Fr,.M d-ir'tir r~r iii~ri~iil

4 -j-'itiiIif-.,, d- iu d tby B 1. ... . a .... lol '~e fhay ......

,f- . triled W~jf41, i, preferred Whiere streirgtl id/r ,ii .r i-; , 
1

a,~' ' ,I'' i r l ,.. 
4

I ulrr iT ,riifi....ig frorrn b Lu , 
4  

Pi~ I , I 1

. t1- ii rai9 ,r 'fir.a cufhri-n j -,firrId o ufr~ir (jr. lie

tior , ;rridrarr riir,,11 t-1, 1) r. 4ijierr Iri fii if;uit

'I V.. T 6r1 ,r11%iir~ irrir' rlwr 'j , rI-- f cc-) prriJi 1,, %11,i,

bie fi,rr.. periJfdr ie ho ld Irreeiedrriicr

"I".rrrr fordad bolts 0firild ijtilre -;tor~durd L. MoalenI -,I r......e

I- j e 6y fin Iuid drnierrsrr,r hjif I, onfic, 1to 1'

j-rI, 'aD- t,~ -hn jvod rrdded fnjifr ittio, andrr riii Fu)r nor,rf--~tr~, ull,,r AIk Tiree't.r i
1 

rrilfrtui''ii

toi H I AMS 648"!,) ,r 4:540i I8M ,/2r

... ~ .. ... . jarPl '1 1

.. .... r,-ii'Jun 'j if ', " i, l. , , it ,, r0efrrAleIT to rk rionr straridrard 111it% miniT 1rerAIdetliir

..... I-r . '-d Jc . rril . fi,. I -r- Idf " r U i ftt11rf Ir r I rif I Iri]II j frr(-rrr r 01ir 1ti k IrfI'
Aii. ifesiriablrr loi Irdi , ii ,ge-ted 0ti rle frir t r , riii

i-irrirr timy e iiiw, ITi rr'it see(1 roliji

fiarerI", ,ir~. it-iralITr-irrii,

____________OUTLINE FOR THE DESIGN OF SPECIAL BOLTS AND PINS

Ill. Range Material Application Prcn'srement Spe Thread Spec. Type of Finish

____ 0 _ ____ ____ __

100 1830 4340, 8740 Tension BPS-F-69 MIL-S-7742 0-P-416
or Shear MOD Type 11, C 1 .3

180 -200 40 4340, 8740 Tension 13PS-l<-691 MIL-S-8879
or Shear MOD Cod. Firiob.

220 240 H-Il Tension RPS-F-69 mIL-S-8879 per NA5672 or AMS2416
or Shear MOD

2/0 J00 4340M Tension (7 ~MIL-S-8879 BAC5804
or Shear MOD

160 180 A -286CRES Tension BPS-F-69 MIL-S-7742
or Shear MOD OO-P-416

2(X) 220 A -286CRES Tension 8PS-F-69 MIL-S -8879 or Prissivated
___ _____ I or Shear ___________ MOD

1 1U Thre <ase of headed blanlrs is preferred.

W gee~trnth rind/or Iniquje r.ots ide rations permit, allow machinin from bar stocIF.

(D) lTrrperrut-ra limtitairm 450*11. For temperatures up to 900*F use AMS 2416 finish. Other finishes may be
spe, ified If needed.

O Mt-rrrs 4actrmirs 340 fur MIL-S-5000, 874A0 per MIL-S.6049, AMSi6322,4340M per BMS 7-26C1.2.
A-286 perAMS5737, H- per AMS6487

03 ( uarsarIt Stff )n if for recommenrdotrans.

Us~ le AISI 83/40 or 4340 loi bolt s,es throurgh 5/8 and AlSI 4340 only for sizes overVB

Figure 17.6213-1
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17.6214 SPECIALLY SURFACED STEEL BOLTS 17.6218 BOLTED SLOPLING SURFACES

SpeciallyI surfacedl stee-l bolts, pinis nd studs shall lbe used for ,il , .1 r .jrIr!ri. ; ! I , ii

appliotiorS where grllirig would -rrrwth standard -~lid i ..... it,-, 'I

17.6215 BOLTS WITHOUT COTTER HOLESF

Holt. ^ittotrte hroles stirll be oruled for wher. used with, self
1- -q '.. ', to -i, ,fit litpirr,umil.... o. IA isrl inr
Pit.' j--j li for, ' i ii rrt , of o It.- itte

17.6216 OVERSIZE BOLTS - i~2J
Sive BA( '(tu)4 rind BAC ",009 for ai list of over size bolts. , orkbolts.
h,sJ,wir -iers q-1 hole /e

Pg eIsr-/e h-,1t% shall be used for repair 1rrk ornly They shati erut be
ter a,cne design, and shaill not be called for on1 drawings How

ever, fittigs should be designed large enough to permrit the use of
irver se bolt-, ini lie shops or replacement by the next larger size
stryrir iriI hol r, seor, repair Clearance and edge rriargirr for the
net lrzr1 r %inn tor...rurd bolt niust be ronisider-ed iii order to ruvoiri
replaceirrent of wi. entire fitting due to darroiag of a bolt hole

17.622 SCREWS

17.6217 RADIUS CLEARANCE
17.6221 TAPPING SCREWS

I, , irrie hear to slhunk r win ru, sart !r tion iryn tierrr)ir
..... .t I p(gti Serres OMCj3IP. lSMtll3C0tAir.a A IITAIIOI4S for W,,r tprr Afll, ()i8/ isrt-ore A~lru

" ,...g problemn exiots Prdiwrsdeorori: I-rriay be oibtaurad lapper1 Srre.s rtal ot he )srSPrer i, Iol! gC~ l~~~

IdI As, fijs rr,2ri5 frir tar frit'r Ii onr of pii o iutr

fri'od is jIv rleoririr stirull be fprourrler for ('lits TrirrI 2 1/fer tI e " rh t hr. ri. tIr I Io j ri i t
P.- es vi % iesrs der~ riv fin, lrwlo Radi us (lerirare for (tusIf If- %, re w

'iS M holfres is civ?' riti rl problerri, hor-rrfe drsrjri
staid . I .l irplef rlerrouri I At- foist er ie r s f or st ri i ire I: r u r I v I t Ifare I ti rr

result i,I dargirr orrrrujnt rnr p ' ..rir.. o t r rel
Atil r..v'.. rely t h tunifer ,) bi le rubtaired by riotinig

4 Where truss wryuld peit Ito they I pe--
1 

of i 'rto to I- fl

FIk Af W'',ARP f [DOA I)(OF FASTENER HOLES leaage.
(,i. If r JICJ, ',10.F Pl- BAC 5300

.5 Wfhere req~uirerd to i )-in vri tt- rerurl.inn 'Ire s"tAi.-'!
When- -irers srure ised trip rovide clearance subject to repjlirrerrieri witt rit r ,rei r,l-i 0rs

fIlse , 1i it k -] ri~nr rsfhe, (AN 960) if loss of prirlrid is, 6 Where sublect try rrr niered- -, -- ( jt is e'ti
I - .1r. IJi I, irii e in tel waistler MS )000f2C, BAG salt spray. etr

wI1 i~Av r iI, if preriur , oif coricrn Drawrrrjriores shull I.EkNFH0I
ste t rn., , if int~rkfare to rnt wi fire fasteiner B CERNEHIE

Clearurri hrvles (ire i'Id is rierinstir r I f'rr... Irtsn tro I- nn

ri-u thI ai ririe fearlof PA( 13 3vMT lb t, lagefher rind to 'ilorw tritrances for rit~ritr u t1ire tte ~
Figure 116221 1
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17.6221 (Continuedl B RE COPMIl' tJF II) USE S

-jPROTRUDING LENGTH7I lc fwo ces

SIZE MAJOR CLEARANCE THREAD THREAD 2 In Iytoh no,, ,ttuririuj 'Js5e,ihes to LdKie ,,%t und eft
DIAMETERt HOLE FORMING CUTTING1 4 -SCREW SCREW 3 Ir, oodl or platics aind in combinrot or' of wo, p.Istir af~

No. 2 .066 161
-~~ --- ---- ----- HOLE SIZES

N. 4 .1126 ' 2 .27 .21 e~roe,.
No. , .12 . 28 21.2 I Iterference hole sizes. which are suffi enti .,ee;xc.o ,

the Sce r itd, A26 8 019 hs re
No 138 .15 .157 I to d" Il Sizes j,., shou.,d be Sh~o-, .. e rol,- -, it e --. j

No. 8 .164 .182.-192 .38 .2582 ____________.1

N.10 .190 ~ .209 4.3
- - i2 Cleoaun-~ hole -Jie'. ore shavrui,. 17 1221

No.12 21 .234 i CI 17.62212 THREAD CUTITING SCREW

No. 14 .242 .261'276 A TPSTro rtiuj Cein Ci'' fI,. .F .o

1/ 25 261 *27
I/.26 - (D ~ .37

SC -SR EWS NOT AVAILABLE IN THIS SIZE I D F IGT

Figure 17.6221-I MS262 -.--. -. -- 4

F(80-3,-11

tIf ot ai I~t eo Ikpet teors ,f ihe , q, exterudi be yo-u MS24628 CRES
t 3. a, 5I, .I - tirrid ~, j by ording the pirotrodiuq

Ii,:].. trd, %,,e,- lengILth ore 2S0,. 312, ",P). '(),
1, 00 0~F . 1 15 'S(), I /S, rid 2.00 Hol, length aind M260CE

d-,et, rwteie by tIe- M', dosh ,,,ttuber Ir- MS 246 18 21, HEX
2!I , I,, jlt, o '1,o,-ter of 1 '18 It Jo '6 .rree ord o Ienqith of / BAC 5 12BN STEEL S LOT

tMA T1 PtA ! if) (L CPROSlO~t PRE VE r ITON. (80.30.6.116) OPT'N C )

' 'el )rfa oi .ieoiiurr' plated Corrosion resisting Steel scr owe j MACHINE SCREW THREADS WITH FLUTED ENDS
,I, pos. rut Tlippirrq scrs jed iii oluroin olloy. % uoli tie

r,,siolled -If a phenolrc or alujiunt washer The washer and srrew Figure 17.62212-1
0tall be ',tejwith zrr rchrorrnate paste before rise f,orr v, r. to,
,rr, leIC e sea ~Iit.,! (ornehIorn B. RECOMMENDED USES

17.6211THRAD FRMIG SREWI. For aittachmnent of nome plates. etr , wtero rivets are iniprortialf

17.6211THRAD FRMIG SREWdue to removaol rind replcement ofplote% Replocemenlof srews

requires the use of the next Lasrget eitr strew
A TYPE

TYPEA (TD PGE O. 8.301)2. For attachment of name p lates in blind holes

_____ 1C. HOLE SIZES

M52415 TEE 82E~3~Si' L Interference hole sizes are listed irn MS24634 (80 30 1 10) these
MS24616 CRES CSK a. re similar to drill sizes and should be shiown in the collout as{ I. ~ ~~the riorrirnol size F ixture drilling t,,leroi,,e. t1-r Hor,ru 81 ,..,tior

MS 2-617 STEEL Round ,-- 1 I IhollI be addedf toobtain thn pilii. iAri,

M268 CRES Hea An oxample for No. 6 Thread Cutting Screw in 063 aluminumi

(D SPACED THREAD WITH GIMLET POINT alo:heti .1.1

Figure 17.62211-1 2 Clearance hole sizes are shown in Figure 17.6221 1
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17.6222 DRIVE SCREWS JA', 1 P, I ir ,,:if k r ig s r rt.rs t
t

ioror',', v ' t

MS21318(80 50 i I)is o round hrrrrl carbo, st eel, idnrrr plI(tJ A CIJP P0Ir4T The Sup port s the preerre-d io r,,!rl

screw Insertion is hy drivihg without wrerilir use. This point is the easie't tIr, , rr frlorr n rrrrrirrr l'j so s

It may be used for permanent or simi pernrrert locit,or, ,f noahe

A RECOMMENDED USEI S [),,ve sie s may I), -ued to attaclh parts where (.ittirirj of the shft by the ,r'rp point is r.t

nameplates not subjert to repeated rerriovch and r,;plccrment. ioarble It should cot be used oeaest bordered 1s0 r I' ,s''orri
spotted inr

B LIMITATIONS. Do riot drive in r lols too thin 1r, resist darrrg,
Sheet tiickness equal to screw diori , hrr is ,r,siderei mrirnu B CONE. POl JT. Thfre , r orit isesp, li, o dol/r nit for perr 'o'err

location of a rrfachine paort It r 1r, be jed joi',t hard or 'oft

C SIZE The recommended size for use with narrie plates is tjo shaft. and sho,ld il,rys b,, sp jttc *r t . ir ded lrtn; i s of .. ..

4 whirh has a maxinurn diamete of - 14 spot and point should be Ihe , e

The aailable lengths are as folho MS2 1318 19(. 12), 20( 9), C. FLAT POINT lhe flat point is to be ernplojed ,cnere(req ,ni

21 25), 22f(31), 23(.38) resetting of the point is required with the least pos'sible drnrige to

109 the surface against which the point bears It may be used igoinsl

Interference holes are 104 104 hardened shafts bjut is riot suitable for spotting in

For .ther drive screw sizes see M52)1318

17.6223 WOOD SCREWS

Wo)d strews orie obsolete for new design Use Type A Thread

Forrming Screws

17.6224 SET SCREWS

FI Jure I / 6224 2 shows f.irdhs' set screw', with he, socket and with
timee point types Screw ' with he socket ore preferred for Boeing
design to sloridardize rn'tallrhor toolk. The point typesare illustrated
o i.rI described below

Cup Point Cone Point

Flat Point

FigWe 17.6224-1
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17.6224 SET SCREWS

SET SCREWS- ALLOY STEEL

ILLUTRAIONPART a PAGE SIZE MAX FNS ECITO
ILLUTRAION NUMBER RANGE TEMP'F IIHDECITO

4"o. 11 rTM lp A

''I ~ Tim, (,JF MINT-
i/,

ThP( 2/ ~ lWVD'VF FIAT MlINT, 2~~:1'1

SET SCREWS- CORROSION RESISTANT & ANTI-MAGNETIC

4-1,

"lpt 2"p2 30'. 7 ATL FL.AT PINT,'

A'A



-100-

17.623 NUTS 5. Nuts which are attached to the structure shall be at-
tached in a positive manner to eliminate th jiosiifility

A. CONTROL SYSTEM APPLICATION of their rotation or misalignment when tightening is to
be accomplished by rotating the bolts fir screws. The

1. CI.AMP UP. U se only all metal self-locking nuts on manner of attachment shall permit removal without
bolts that are used: injury to the structure and permit replacemlent (of the

nuts.
a. To clamp tip on the inner races of bearings and/or
bushings. 6. All self-locking nuts that have had the lot-king elcmenl

reworked or reprocessed by other than it nut rnanu
b Throughoot the power plant control systems in all facturer shall not be used by contractorsorficld main
clamp up applications. tenance personnel of the services.

NOTE: On steel allo, bolts usc steel alloy nuts such as, 7. Special nuts, which depend ol friction fo rtheiranchor
BACN l(t.J( or BACN 10GW; and, on CRES age and torsional rigidity, such as clinch riuts, single
bolts use only CRESnutssuch as, BACN 10.C*C rivet plate nuts, and similar devices, arenot acceptable
or BACN IN(tW*A (* dash number). for use in aircraft structural applications. They may

be used on aircraft equipment and component parts,
2. UNCLAMPEl). U 'se non-self-locking nuts with a sepa- such as instrument mountings and electrical equ ipmcnt.

rate locking feature such as castellated nuts and cotter
pins on bolts for unclamped static or rotary joints with 8. Self-locking nuts shall not be used in conjunction with
bushings or hearings, bolts or screws on jet engineaircraft in locati.ns where

fie loose nut, boll, or screw could pull. or he drawn
B. LIM ITATIONS API'LICABIE TOSELF-LfOCKING into the engine air intake scoop.
N I 'l'S

I Nuts of the No. 10 and 1/4 sizes shall be used only
with bolts, screws, or studs that have not been drilled
for cotter pins.

2. Corrosion-resistant steel self-locking nuts shall beused
only with corrosion resistant steel bolts or screws.

3. Round or chamfered end bolts, studs, or screws must
extend at least the full round or chamfer through the
nut. Flat enl h,,lt,. studs, or screws must extend at 17.6231 NUT USE CHARTS
least 1/32 inch t trugh the nut.

The following charts of nuts art. divided into rine groups.
4. Plate nut, h.,1 , installed with rivets, screws, or These groups are determined by thread height, material,

lirlijeti ion st !,mig. If proje'tion spotwelding is and strength.
usel, ('oritl ha; be maintained in order that re-
nival, b:. in .ligm ,it the welds, permits rephacement See Figures 17.62 1-1 through 17.62 1-4 to determine nut

with stairdtln irii d plater bolts. usage for particular bolts.



-10- THIS PAGE IS BEST QUALITY FRACTICAELJ

17 6231 NUT USE CHARTS 
LA..jM CjeY FlJRAISM~ T9 WDC

GROUP I 0 KS -SHORT THREAD 7 RU l 2 S HR HED C uo

PATMAVEP AL'-- 
F ~ ~ jj

A44 PAGE S U - c.j,PT 
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A t - w
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:I'ns. - -212 fi P1141mAVAuh.

b b. 
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17.6231 NUT USE CHARTS (I .... ,1:,,

GROUP Mt 125 KSI -LONG THREAD ifGROUP 7 1SO 1(61 - LONG THREAD

PART MATERIAL.I P MATERIAL.
-LIRT p ESIE CRIP"'N ILIRl AND PAG SIZ GESCR,PTAONRA' I N P RANGE -NU E RANGE

NUBER UMBER

KA N177 x hjal ~ UTN

1- 3.. LA Nl J A .R, PDFr L'( __ ___AL

Al -l
i~j LIU I, * 1.J L YDtETUl

AG 20I.k.'4

71y VA,,e IA T: 0,

GROU M AICELNEU NUT
-'-A. 01- ~~66 LA; TUG A A AT , AP* :G.

A E A GLA,.,

- GROUP IM2 MISCLNOU TRA

*YJlt. '.'AA A A0
71 1J 1- ?W AhitN Uh-

- ~~ M 1 kl,.*Y J

FjA APSA.. AOA KP, OtRR f A 'pq

-~~~~UW J.AL2I.PA.Aq. -

GROU 17 GROU KI 22 LONG THEA LONG THEA

IP L A*. '' I

I~~ A . 11 11 1
GRU AK BE A ~ ~ ARIN RET . AE AUT

JR UP 2,JB 1(6 - ON TKREA

GROUP I'l 60-SLOG EA IIL 2 ~ _It y:,'y: ss.-2 -- c~

jfr~., 116211-2 ~ I
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17.624 PLATE NUTS AND 17.6242 PLATE NUT HOLE
GANG-CHANNEL NUTS CLEARANCE- DRAWING CALLOUT

Plate nuts and gang channel nuts of aluminum alloy of any type 1 t-l '.t %'I'! R
shall not be used in primary structure for tension applications. ist ii t ,. t,. '.- IIIIi . , . I .'I' i I,,-

Steel plate nuts and gong-channel nuts may be used for tension ,w'J"
applications.

-- NAS 680A3

The restrictions of 17.623 also apply to self-locking plate nuts and .218.229 DIA HOLES
ganq-chonnel nuts. .218

The specificotions for nut plates with NAS numbers are referenced
only on the BAC Standards pages with which they are grouped. To avoid excessive repetition on drawings which roll o-it a great

many plate nuts, the clearance hole size may be omitted from the
plate nut part indicators, and the hole size ;nformation added to
the general drawing notes as follows:

17.6241 GANG-CHANNEL
NUTS - DRAWING CALLOUT CLEARANCE HOLE SIZES FOR PLATE NUTS SHALL CORRES-

POND TO THE SIZE OF THE PLATE NUT AS SHOWN:

Gang channel nuts shall be called out by BAC Commercial part
number as specified on the applicable pages of the BAC Standard No. 10-32 .218.229 DIA HOLE
Book, D-590, unless the stock strip must be cut other than midway .218
between two adjacent nuts. The gang nut strip must be detailed to
show the end dimensions of special cuts, and it shall be called out Size Plate Nut Clearance Hole Size
in the drawing parts list as follows:

A. An individual dash number of the drawing shall be assigned to
each gang nut channel and placed in the PART NUMBER column.

B. The BAC number minus the code for the number of nuts shall be
placed with the name in the NOMENCLATURE column. 17.625 SHEET SPRING NUTS
C. The commerr.al part number noted on the BAC page shall be Sheet Spring Nuts are light in weight and economical. Their use
shown in the STOCK SIZE column, togethe with the number of nuts is controlled by MS 33538.
in the strip.

D. The name and address of the ve,.Jor as shown in the illustrated
,allout on the BAC page shall be ploced in the MATERIAL column.

- ___ j.u J i &j
NUT - ANc CHN~41,1L - tO2.

NOECI TU~JR I) sro )s ITERIAJ
(Apt"O NEt

tiAYAR 1ANUFACTURING 00. INC, 830 EAST tI8Th STREET, LOS AGES 21.

CALIF (OR 19JIVALENT).

A seprate detail drawing shall be made for each specially cut gang
nut channel which is used on mroe than one drawing.
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17.634 QUICK RELEASE FASTENERS

QUICK RELEASE FASTENERS

QUARTER TURN

STUD HEAD STYLE STRENGTH MATING C1ONENTS

STU MT' FUSH1POTUDNG RATING GRIP TE G-, .0% '

FINISH To I

FIG; I __

.2. ~ ." - t I t t I - 2 , :,, I, /. -... :

to 7~.1l 7.7 .0..

/.b/ I0.1 b.7 tO 0.

2 , 1, A Ally Atl .1177 7102 0 2712" -IOU 170 to 100'

d1.7 2.11

,1. A/I 200 ; 20. ~.S29 .1 "J73

_,__,A __,, __ .... - I 1 I I 0. 2311 '

ULL LAD

ACSiAd bl..! .. 0

ILUTAIOS' - -I . LAN I"I

t r 1 ogt, 1. li.p.nd.nt 0 type 0! IJACP11( (r. pt-l..

I> rr~'is dependent 00 type5 of 6ACiLAb t flCptacl.

MULTIPLE LEAD

STUD STRENGT"4 RATING MATING COMPONENTS

STUD MAT'L HEDSYENOM. GRIP MAX.
ILLUSTRATION ASS'Y a E SCE DtA. RANGE TEW LSERTNR

HEX SOCKETTENSILE SHEAR RECEPTACLE RINGFINISH ITNlE OLERNGR

A""'-' 1 t*1 Fl., Al .121
,t ' . S-0 dALI 10 2 00.3Jo3F
,4d Plt. 1.ub0 lU.2,U.,2 I.. 1Q6.,J

SAcr IC-b Alloy .108
00.10.6.34 it.el r|ulh .37S to , 5u 107. I1S0U AALF34C6P BAf' C00

ILd Plit. .911 91).2U.6.7. s.l0. .j3

.072
.I0 to 2000 007o

ACf J Li- d A l loy rlu st. 1.13)
10.20.5. 29 Steel Prot ruding

ad Plst. .173
.)125 to I ]So00 I 00 bACr30I)-p__ uAmF3 o

9,1?2 00. 60.0.20 9 .10 .b.19

.102h 117 t1 0004 1,07

Flogu1t. !1634
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17.632 SHEAR PINS

Sh-a pinsrmay be used as fristerrs < li 'rress, 11 - Irr. i r -d JI I,- j JI~ .c'r'!r.0
,ide forn ;,tentisceol separiton ft '"I" lc'un r~r.. Ti.. fr,. h., rr''- I ~'t otr,

shear pins a-cr d-,; jrnnd t, deal cl' I'i't'rr...-' r.'. ~ r .c

predetecr-ined .*ki.Iic,.' .i.r.o ' nc . ,rcc

When ti- d-,ijr'r - uc res these t/p:5c J2c Icc 'r ' r .' ..'' ..'i. 'rri . ~
cil- -on sut t~e c,,nsidleecd'l: ,

A.TI- sheacir,,j 'cigis east fi i ijrfndcrurCc 'erjc.-
e .i - ,pt t, n rcltri~ - s5.t~i r j .cI., 'I. j, "a Frt T-15' ..t. I

orctrre, carl, ia#nreicced f i -ndwc,rj~ies.s le cr sf, ru-in c ti'.*. !I

si-ts''riij -djl f- I he trc.cin ft Th- fce',c. eli-n rncrr Tr;cre

D!.' 17'.2 2 1is 1, 1roli (based , 'rt i K' chic 0if, .1i 'rrj r0.
000 r 1iac l0 tt cent f tIre fr- pra, daatri I 5s

1 ir

* t 'r 'i . I cr r, a 'rr d, S . .

I--t i '.5t rIef ,II Mc c nrt'v-'i 'r IIi '

I. The predictalcilit/ a, rrrrrafihit, ,frI tcrrr urcr mc-- '-dc~ rI 'c I r'fcr'r nc te strrrrj '.'tir-, c.) 'r6 P

imum sh-ear strengjths are str-tncgf inflored b, the -dur-s if fV- I-oir aIf 'tr of A;,r -fti rtrrrt l f rt'cr

shearing edge conditini and r ienrcrr'- r' wrrerndecl f'cc frastiers. dtietar pcrr drawingSshrccc r'r-/c rir-ti-

to thre effet thatc mtetcatl socf)tt-iti ctis pet BAC 5005 cr, tnot nrilrj'ed

2. Shearing edge material must be hard ernough t', insucre witH 0ct pricrppiaual of [ngrtrerrrc.
*

t
cat the edge will not breal' or deform durirng the

shearing actian. G. Always use the largest tmargin passible far slcear out 00cr th-e

maxirmum operating Stress.

I- r-' '. r r..cIi c,~r.'i NOTE; Cansult the applicable divrisional staff far: Stress allamv -
,, lrrrrrnrr I ir, 'Ar ,'r Arr......rr 'Il .. r' .i .. aales, material recommeendatians fat shear pifls, shearing

-'0. rt ... edges, inserts (when used) and dimensional fitmitations.

Pinion

Steel Shearing
Pin Retainer Eg s t

Shear Check,.e HolaePi

Shear Pin Power Shaft Auiu

InsertsI Ports

Fo re 17. 32-
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17.6332 (Continueo)
'03 App,,x & F-.20 Avp,,

. 2o Staple

~~~~4 Stpe.61Sol Typical Met',l S-:ck D,awirrg SyrrnbcqStaple TS ,. C Staple

Staple - Clinched Side The process specification shall be called for on tre .raw;ng by r:
A-A of Staple general note with symbol, such as;

EndVie ofpI METAL STITCHES PER 8AC 5404
EdView of

Staple Clincher and Dies MS

Spacing for metal stitches may be indicated by adding to the gen-
eral note above, the requiredinformation, such as:

SPACE APPROXIMATELY-INCHES or-EQUAL SPACES.

Otherwise, the spacing shall be dimensioned on the drawing.
25B "s\

I , 38..'.I =de~drawing. ntWhen ssey desired to restrict clinching tooa particular
.38 side, a note shall specify:

A 2 - A 45 from CLINCH FAR SIDE or CLINCH NEAR SIDE
8 staple(j

to floorStaple 2 Unless this is so noted on the drawing, the shop will usually clincF
Dashed lines indicate against the harder or heavier material.
the lowered or form-
ing position of the The edge margin and starting point of each row of stitches must br
formers. dimensioned on each drawing as shown in Figure 17.o333-1. When

it is required to place the stitch at an angle to the centerline of the
Side View of Metal Stitcher row in order to prevent cracking of the material being stitched, th

symbol shall be shown at an angle and dimensioned as shown.

F; .ure 17.6332-2

Starting
Point 1 

Edge-f (j- Stitch Ro,

Margin

17.6333 DIAWING CALLOUT

A drawing symbol shall be used to indicate metal stitches whenever
they appear on drawings from either the driven or clinched side.
The symbol may be mode freehand using the approximate dimensions
shown below. On a long row of stitches only two or three symbols
on each end need be shown. Figure 17.6333-1
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17.63 SPECIAL FASTENERS

17.631 PINS USAGE CHART

PART
PIN TYPE NUMBER MATERIAL REMARKS

Flat Head Pin
pn -- - Recommended Use: In shea, applications

where little or no tension l... exists, s.chO ::3z 00 I'll STEEL as fork and eye connections. Use in place
of bolt and nut will save weight.

Domel I Assenmbly
Dowl 0Assmb lyRecommended Use; As at alignment

_ _ _ index in symehical assemblies toSCover avoid improper installation. Dowel

STEEL ,v pin and mat;na guide hole 'ust 'ave
NAS 607 CASE diameter larger than any bolt holes

HARDENED -Gude Hole to insure pin can only fit in .correct

-'N AS 607 hole.
Index

-BAC-PIOC
Two Hole

go Cable Recommended Use: In place of flat head2024-T pin when direction of removal is unknownBAC P1BC STEEL Pulley at time of installation.

Pulley Gua d

Shear Pn
BAC P BP

Quick Release A P I I.rin P Recommended Use: Primarily in shear

B(4130 o f-- ~ app lications inhere quick disassembly is
NA', Ii I& STEEL I necessary. Handle types available: Rin

3I i46, (illustrated). "L", "T", or button.

Available in drive out or non-drive out

types.

ng Pins Pin

LjhI Recommended Use: In shear applications

------- STEEL Shaf when installed in drive fit holes.

AND Design limits and hole sizes: Per MS3354Z
CRES

Seal Retainer Pins 
SAC P18G

Seal Extuson
Recommended Use: To attach seal cloth

SExtrusion to BAC-1520-484 or BAC-1520-470
BAC P18G CRES Seal Clotseal extrusion.

Safety Pin
-M29523

Recommended Use: To attach safety
MS29523 CRES chain to str.cture.

Chain

Cotter Pin Recommended Usage: As a safety
retaning device.

Cotter Pin C ,,,r, tIah d 11l1 rruy be sed 1 1I h

iA S / 4 t 6 ,5i S T E E L o d v ,, l ei t Ii , r ,,i '. , . r i

C R E S j i I. 4 u

CRE, pI r hi ul Ie used , ---rriif,,e i ntri

t JOM APR(I if ,SO M /4 "/,6 3!s/8 1 16112 / , 5/8 3,/ 4 1/'h I 1 1 8 1 l1 4

',IF Ft 114 )8/ 17 V'i 160 16
)

K S IAfH N,(JS I l 1 W4 1,4 316 3/1 3/7

tI ( JI o1  38 408 410 411 413

r JOM (r)ttI p t lf 1/16, 1 4 3/'12 I 1/4 1,8 1 1,2 1/f , I 1,4 l/8 2 "8. 2 /2

Figure 11631 I



17.64 WASHERS, SPACERS AND SHIMS
17."l1 WASHERS
Wo ' herc sI ol btr -,lected IIrn th foIrllowing standards iri theordur A rtrroiun, of twor orlditiornol weach,,. rnil I,' un-il toll, rf

of pr efe rrr.a % ho-a for the appl ratico needed adjustmnent *f tae boll

To prrotect the urfceP of the structure (luring istllotion of a For prevenion of dissirrulo, rnuri (or ri ..... ,t'iil
fuster~n- by tighte-ning, or- .uandurd wosher may be used under structure see the finish doiu rut snil i [,_ol 8 1 aii 4
either the bolt h,'rl or lie rot whrichiever is being turned).

TYPE STDPR AEILRECOMMENDED USAGE

M202Heat-Treated Allo/ Steel Per (D © and©

Al Alloy (Clod 2024-13 or Generol usage 1,© © n
AN960 T4). Corbon steel, CRIESan

BACW10AT Steel and Alum Alloy Large I . D. for use w ith aprdshoal, fasteners per

Plain Ond (4

AN970SteelLarge OD for use on wood.

MS27183 SteelThiclker and larger than AN960 per (D ,0,

_ _ _ _ _ _____ and @_ _ _ _

BACWIOPGeneral usage for washers niot fovand in other standards.

NASi 1197 5052 Al Alloy Per 4 with magnesium.

MS20002To obtain a clearance with the large fieod-ta-shaotl,
C~nesnHeat-Treated Alloy Steel radii on high strength fasteners, in designs where stiess

BACWOBNwill not approve the required countersinling in the
material under the fastener head. Also Qand

Lc-pitS337Steel Where no, restricted per AND] 0476.
_________ M___ 35338_____ CR ES

MS35336and bronze
............................ See Standard Page 70. 7. 1. 0

MS35790 Carbon Steel and Bronze

Counter Bore AN975 Steel With AN386 Taper pins.

Self Alignaing BACWIOBT Steel Concave and convex washers are used together.

Vibrin on Stop AN8013 Steel and Al Alloy With BAC-S14C vibration insulators (shiockr mounts per
______________AND10405 and AND 10407).

MS1970 SeelWith MS 19068 lad' nats to retain bearings.

BACV100 teelWith ball bearing, self-aligning rod ends to prevent bo~lt
head from slipping through end in rose of lass of halls.

Dimple 100" BACW I OU Steel and Al AllayPe@ wih10 s ftnr.
BACW1OZ 5052 Al Pr~ wt 00ol rsees

For 22 1Bls Used for cncurrnte control of

Heat-Treate Alloy Stee For 160 1(51 Bolts preload in bolt to obtrain mio.i-

AAW0QFor 125 1(51 Bolts mum fatigue life.

U tsed under nut to compensate for difference in bolt grip length @ To insulate dissimilar metals against corrosion. Wheiever
and material thicl~ness per 19. 512. possible, the washer material should be similot to the

material upon wh.ch it rests rather than to tire bolt or nut
In the interest of weight saving, two washers are recommended material so that corrosion, if it exists, is created between
as a marimum for any one application. However, the use of the replaceable bolt and washer instead of washer anrd
mare washers is preferred to the use of a bolt of special length fti 9 o he.Ue55 lmnmalywse;wt

or wshe of pecal hiclnes. mgnesium alIloy per DM, Book 8 1, Sec t. 14 03J23.
© To distribute bearing load over a greajtor area to prevenst cam- Q Where material next to nut is steel, use PAS20002 steel

pressian c' material under bolt head, srcrew head or nut. washers. Use 2024-T3 or 2024-14 washers (AN960 for sizes
© To preve t galling of aluminum or al-,ann alloy sheets less 1 " and smaller; BACWIOP for larger) if material neart to not

than .051 thick and other soft materirals when bolts, screws, is aluminum alloy.
or nuts are tightened, o'r by Iack' washers (per AND1f)476). Q Used next to plastic laminates to prevent crazing caused by

driving solid rivets and swriged collars, see DM, Book 81
Sect. 24.3111.

Figure 17.641-1



17. 642 SHIMS, PLATE NUTS

TYPE PART NO. MATERI AL NUT THICKNESS REMARKS
Plain Plate Nut Shim NAS463 1010 Steel or better No. 6,

8& 10 .016, .032,
Type W N AS 463C C res (301, 302, 321,or 347) 1/4, .063 & .090 For general ue with plate
Typ NAS463D 5052-H36 5/16 & nuts.

NAS4630D 2014, 2024, 7075, or 5052 3/8

( Type T BAC-SI8L 2024-T4 7/16 .072 & .156
(Type W nly)

BAC-S18M Magnesium No. 6, 8& 10 .125
_ _1/4, 5/16 & 3/

Type F BAC-SI8U 2024-T4 1/4, 125, .188,
5/16& 25, .12
3/8 .250 & .312

Floatirg Plate Nut Shim 1010 Steel or better For general "e ,4t plate
NAS463 Cres (301, 302, 321, or 347) No 6 nuts.

a& 10 .016, .032,
T 
ype X NAS463C 1/4, .063 & .090

NAS463D 5052-36H 5/16 &

O 
Type Y NAS463DD 2014, 2024, 7075

Oii Type B BAC-S18M Magnesium No. 6, .12

5/16 &

_TypeC 
3/8

Countersunk Plate Nut Shim NAS500- 1010 Steel or better

Type W NAS500C Cres (301, 302, 321 or347) No. 8, .080, .090 For use fit. 10V +:mpled

0 NS00 55-3H10 & 1/4 & .125 sheet. Use, of csk plate
NASS0D 5052-36H 1&.2 nuts preferred to use of

O 0 Type T NASSOODD 2014, 2024, 7075, 5052 shims.

/Type F

Miniature Plate Nut Shim

Type A No. 2 .032 and

thr. .063375

Type B NAS 1195 2014, 2024, 5052, See Standards For use with miniature
or 7075 Page plate nuts.

/O Type C

Type D

Recommended Use: With plate nuts, to increase material thickness to accommodate grip of bolt. When attaching plates, panels,
etc., which ould be removed for maintenance in metals of varying thicknesses it is -eferable to use shims so bolts may all be of
some grip length to avoid installation errors. Use washers per 17.641 with hex nuts. Drawing Callout: Per PMl 49)o

Nut Plate Typical installations

/N

,Figure 17.64" "1

Figure 17.642-1



17.643 SPACER, SANDWICH BOARD

FASTENERR AK T C _

STYLE PART NO. MATERIAL NOM DIA REMARKS-- TYPICAL INSTALLATION

2024-T4 No. 10 For use in primary aluminum
Sleeve 1/4 structural sandwich with skins

5/16 thicker than .040

Sleee BAC-S18AB 7075-T6
Plugs

BAC-S 18AB No. 10
CRES

Type A See 1/4 For use in primary steel structural
Plug for Countersunk Standards 5/16 sandwich with skins greater than

Fasteners Page .040

See Standards Page for
applicaLle fasteners.

Type B l~go rtuing

Head F astoraL_

For use in secondary aluminum
structural panels with skins
thinner than .040 or secondary
structural load attachments in

2024-T4 No. 8 primary panels with skins thinner
No. 10 than .040

1/4 Dimple formed with hot dimpling
dies.

BAC-S I8AC

May be used with any 100* CSK
fasteners which will fit the speci-

No. 8 As above in steel or titanium fied inside diameter except pull
416 CRES No p10 panels type lockbolts. See Standards

1/4 page.

Especially designed for flooring
attachment; skin thicknesses less

No. 8 than .040.
2024-T4 No. 10

1/4 May be used in any secondary
loading & spacer application.

BAC-SI8AD Dimple formed with hot dimpling
dies.

May be used with any 100 CSK
fasteners which will fit the speci.

CRES fied inside diameter except pull
See As above in steel ortype locbolts. See Standards
Stcn,.",'rds panels. pageo___________________ Page page.__________

1' Strength of these joints is dependent upon the sandwich construct n. (Crn,,It Ih tl ,I,i . I, ,,. , rn lr ,,t r I ,, ,r,,

0 The note, INSTALL PER SAC 5085, shall be added to applicable drawings.

Figure 17.643-1



17.643 (Continued) -112-
4

STYLE PART NO. MATERIAL FASTENER 1 REMARKS TYPICAL INSTALLATION
NOM DIA/

Sandwich board Spacers N. 8, 10

Sleeve ype A and 1/4
Plugs For use in sandwich board, Honeycomb

A balsa wood, etc. to pre-
Type A vent crushing of material.

2024-T3 BAC-S18P Thd
2024-T4

& j spacer6061-T6 Type A, B, or C, plug
Sleeve Type B may be used with either

Type A or B sleeve. For BAC-518P

BAC-S18P Standards page.

Type B
Core Bolt

Thd Sleeve_Tpe A
For use as a self-locking

10-32 tapped hole in sandwich

board, etc.

2024-T4 Core Bolt
Thd Sleeve

T B TypeC
SlType A, B, or C plug may BAC-SIC

be used with either Type A spacer

or B sleeve. See Standard

page for installation data.

Flanged Spacer 2017-T4 1/8 & 5/32 Stronger in shear than

BAC-S I ao Rivet No. SI8P. See BAC-S18D

2, -2-r 8 10 for installation data.E -12024-T4 &1 /

Figure 17.643-2

17.644 RIVET, SPACER HNAD,BLIND

STYLE PART NO. MATERIAL FASTENER REMARKS TYPICAL INSTALLATION

___________ ___ ___ __ _____NOM DIA _______
Head used to space sheets. Sheet

Spacer Head, Blind Riet 1/8, 5/32 Installed withCherry or B ACR15Z
& 3/16 Olympic rivet gun.

Pull-Thru BAC-R15Z Break-off type (preferred AN426-6
Stem 5056-F with blind rivets) limited ANriv-t

_J Break-Off BAC-RI5BY to applications where the Core rivet

t Stem BAC-R 15CC broken stem can be retrieved
on blind side. See Std pg

_ _ .. . ....... . for installation .

Figure 17.644-1

17.64S SPACER, RIVET AND BOLT
STYLE PART NO. MATERIAL FASTENER REMARKS TYPICAL INSTALLATION

N O M D IA (_ _)

2024-T & G tu en Usage: Spacing sheets,

NAS42 4)30 or 8631C 3/32 thru wire bundle clamps, pulley
Steel 3/8 rivet guards, et,. with rivets. Ily

F l Spacer 12024-T & Same usage as NAS42 with NAS43 Spacer

NAS 43 130 Or No. 4 bolts & screws except not "-BAC-S|8K spacer
Steel ttru 1.00 for pulley guards.

2024-T No 8 10 For use with top sheet ,-Nut & Bolt
___K SpaerC-S8 Or1K and 1/4 dimpled.

F igur e.17.64-

Figure 17.645-1
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17.646 SPACER, PLATE NUTS

STYLE PART NO. MATERIAL FASTENER REMARKS TYPICAL INSTALLATION
NOM DIA __Plate Nut - 1

Plate Nut Spacers Plate No. 10 P NClomp

- Two Lug _- 2024-TTube For general stand-off Bolt6061-T 1/4 & 5/16 spacer usage with nut
plates. Two lug type pre-
ferred where space permits.

Plate No. 10 Structure
One Lug BAC-518R 2024-TType - I

UTp BAC-SI8S Tube 1/4 BAC-C 15F-S
6061 -T Clip

Lining Spacer 0 Plate Lining
2024-T To attach inin withLining

- -BAC-C15F-5 clps.
BAC-S18W Tube

6061-T BAC -S-18W
0

17.647 NUT, SPACER PLATE Figure 17.646-1

SPACER PLATE NUTS STD NO. MATERIAL THREAD TYPICAL USAE

Cast
Heavy Duty 356-16
---------- BAC-N1ODW Forged .10-32

2014-T6

For stand-off attachment " Sheet

Z of equipment etc. parallel y 7 BAC-W10DY
to mounting surface -- .190 - 32 bolt

Light Weight 0
-- BAC-NiODY 2014-T6 .10-32 Rivets

0

Two Lug BAC-N10DZ 2014-T6 .10-32
- Light Weight "-AC-N 100 X

190 - 32
~ NF Bolt
BAC-NIODX 2014-T6 .10-32

.10-32Structure

i)rorJ~ CullI,- Per PM 9481I Sedton IC

Figure 17.647-1

17.648 RADIUS FILLERS

Radius fillers are allowed a maximum gap of .040 per BAC 5300.
When less maximum gap is required to obtain increased tension loads Radius Filler
or reduce deflection, the allowable maximum gap should be noted R ui
on the drawings as Follows: (schasAC 1512

040 Maximum Permissible

MAXIMUM GAP BETWEEN RADIUS FILLER AND THE RADIUS Gap Per BAC 5300
OF FORMED PART (OR EXTRUSION) SHALL BE XXX.

Figure 17.648-1
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APPENDIX I - BOEING DESIGN MANUAL

SECTION 26

ADHESIVE BONDING

26.01 General
26.02 References

26.021 Structural Adhesives
26.022 Non-structural Adhesives

26.1 Advantages of Adhesive Bonding
26.2 Types of Adhesive Bonding

26.21 Structural Bonding
26.22 Non-structural Bonding

26.3 Forms of Adhesives
26.4 Design of Adhesive Bonded Joints
26.5 Design of Adhesive Bonded Parts
26.6 Structural Bonding - Design Information

26.61 Design of Adhesive Bonded Structures

26.611 Metals Suitable for Structural Adhesive Bonding
26.612 Selection of an Adhesive Bonding System

26.6121 Selection of Adhesives

26.613 Cured Bond Line Thicknesses
26.614 Drawing Callout

26.62 Adhesive Bonded Honeycomb Sandwich Panels

26.7 Non-structural Adhesive Bonding - Design Information

26.71 Selection of an Adhesive System

26.711 Selection of Adhesives
26.712 Surface Requirements for Non-structural Bonding
26.713 Cost Information
26.7 14 Drawing Callout
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SECt lON 21;

AIllKISI BONDING;

ing Adi\, ti iut,,, r

In IT Iu I i I Itt.l t 11A( 5.7 14 -5 9 I Sirtu I rum Iit?)ti I Ig %kit h FtianIting

ttt'1 26.022 NON-STRUCTILRAL ADHI-ESIVES

26.02 REFERENCES 'The following specifications should be called out when

Documen *ttationt andt specificaiohns fot structural botndinug apiplicalble its indicated by Figures 26,711I-1. 26.71 1-2
are q1k t differet rmo t -strct1ra boding beciuse and P'arag raph 26.7 14.

tof thte riglid cotntroils required for strUCtural bonding, and A. BAC SPEC FICATIO NS
cu tnequentlY are listed separately.

26.121 TRUTURA AIHESVESBAC 51( Application of Adhesives
26.01 STUCTRAL DHESVESBAd 5038 Processing of Acrylic Plastics

-.V S-BIIN AEIl l'(lIAIN BAd 54(07 Structural Bounding of Metal to Wood orBXIS- IEIN MAERIA SPCIFCATONSPlastics

I.~~~~ SetStcsIAC 5444 Bonding Shims and Fillerssheo stwis ,AC 5447 Processing tf Thermoplastic Sheet Materials

It1 I I-ItIt L tI ttt d \1L11 111Tii S t.O - IlAC 5472 Bonding of Coirk (Conmposition Ablative In-
sn tlulalk i~jdcdsulation Material.

z .\h 1 26.1 ADVANTAGES OF ADHESIVE BONDING

l~s'c 42 sititur~l AltsisccIiiNhi I-ti, , \i-t%( distributes stresses more uniformly
%Ictal As-iniilii'-,\ AFIII 93 Sstem. 01lttttt dI- itl-t ;ttca Iluatt miechanical fasteners.

- I sI,. II e \ iviii jolit it i tt iut-plate or avrttpace
lits 1 \Itit it! T .lii c tic Cutritng tl, -t I I -. -11)0(111 ZITettt liittti smrfac, it) the

iA tl ttI;ttt Ii. 1

II NI s 5- 74, Structural Adhesives for MIetal to
Metal Satiscit Assemblies FM ItI I. Il-ic it! in .uuhuics- bind canl reduce the weight otf

SN stctii. II- s I-tt

ItNIS 5-80' Muoderate Temperature Cutritng 1I. iti t0wt irpi sclertiitn ttf the adhesive, the con-
Structural Adhesive System. tni1tt Itiat tultiiseboiod jotint reduces the probability

(. lu-aktig- andl tltereturc. tan eliminate the need for extra

B II 5-89 Corrosion Inhibiting Adhesive iic ts it rnalia its. lThis is an inipo rtant advantage over
Primer r'ivets a heLre butcklin o f th in nmetal sheets takes place

lit-l r'i Set. miiak inog giicting or settling mandatory.

BMS 5-90) Structural Foaming Adhesives E.. Adesv bonding may be faster and less expensive

BMS 830 Sructral oam-n-Plce A- !!;an ttther fabrication techniques such aswelding, brazing
he 830 Sircuave a-nPlc d t c hiical fastenting with rivets.

It. t(C - :5 51CS SPECI F ICATlIONS F. G alvantic action \-&ill not nortnally result from the
It. ((AC' - bonin g if d i-~i ilar inet s. The adhesive used is gen-

lI~~~~~~~~~~t~~ 542 Srt-irlltiiltitigirally a giui dielectric atnd thos can botnd and insulate

BAd 5514-542 Structurally Btonding Metal-tit-
Metal. 1. W\ith priper care to piventwvarpage, theuseof elasto-

tmerit adhtesivecs permits mhe boinding ofdissi milar materials
13AC5514 Commn BodingRequremet with %k idely' differing coefficients of expanlsion. This is pri-

for Structural Atdhesives Systetms. nrl\apibetoosruualodng

B~t 5 14551 trutura Boningwith oderte i. Bontded satndwich construction Presently tffers the
BACC A5451 Srcua odn ihMderave optintumi st retgh-weight ratio for certain structural appli-

Temperature Curing Ahsvs cat io,. See Sect itn 216 for design information.
(BMS 5-51 ).

I iAs at restill o f the mtore uniifornm load distribution,
BAC 5514-571) Structural Bonding with BMS strut tical adtltivk vtuinditng Increaises conmponent fatigue

5-70). life.

HAC 55 14-580 Structural Btnding with Mod- .1 IThe' i**ti elasti(chilaracteristic (if adhesives in lam-
erate Temperature Curing Adhe- itt el sliut fiprioves resistanc toti sontic fatigue.
sives (BMS 5-80).
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Ijifi cd fj\ f il I b~jj ,ttap, 1jill lapi .iiii d i~ ti i ll Im ijj ,- 1 ji e, j~jij Io Owj %)djIfj ,f
if, . I-,%t d, ii g'-d ~ ijj Ii, t" inigrij lia. bu ;,,ftf ijj ijjij itjh III( ritisjjg It nj. h ii f o-i riu, Ji-g

ure 26.4-2 show,, tile vffucl of overlap iiiglh lit rijijij
I I ifj I \( i-N\i OAl It tNS Su-t ju it-1jj1iij ivi rature.
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26i.7 NON Sill UllIA(Al. AIII 1''E IIONINI (. i heuriccg reliirncccit,r..tclrccr ivccdcr
IDf51(N INFIIMNATION roccn j, prc*,ure and core timei.

7. Special requairementsr such as colo r. ciec-t ncal pcroc

I ( N OFA N 1)1 Es v K YST M Ierties, and high frelpuency heating fromt nea rby ee-
26i.71I SELCTO OF NID.S ESSE troniic eqlu plc'!inftcludinigradatr and a ntevnc a jystleccc.

A 11, 1-11cctic",iiliccicc',tilci cjcjly "he Iet,,t 8I. ihe mnaterials, to lie bocnded miust be rvsc,,tit to r-orro-
mg Ill." i 'I, i ... -ci c- [., -tc11c1,, sccon rescultinig fromcc the actioni ofi hacrmcful ,,ubtccc-c

pr(ecct in, or jcrcdUc-ed fromn the adlivsiive u.cec. Al-
I I he, cc.ctrciul' Ice bcctccc-r; theijr toifare (rcccciticc though icll, type. of ac-tion is c-ctccjaratic-eiy rare, it

i imicglc icr c i-oth, pct-i-c. ccr non, porousj thceir susc must Ili, rccogrccceci ancd avocidled.

I tirilci ltIl " 1ii-lig.cc ccjl-j' tcccljcl tc-c tyrv ict. a E a pls
11, , 1, 1ItI Ii U I ctI I I I pubod Iv ktlivtit a. Somei epoxy cornpoucnds react cierinivrctcciiy with,

2 1 tc- lci c tcccccrtcctcu c--..cc- f titc-cclc. c' IcccIldl tocpper acnd bras.
joim! toi ciovii o i cl, and grecc,-, ISMS 3- 1 1 Ily- 1). Sortie nceoprence adhe sives, react wil th imosturv to

lil ucI-Id. imon,-. fi Is ai( -Ivnll uovec.. ipt-rcctcre relecase hydrcxhioric acid.
4ii il- tijc-t ic-dc-accigc-). c-ccciatjc~t, cicclfluici

Itc Is (alig mr;itrcncls tocff", kilicc- 0,, c. S~oe s~iliccone acdhesives, recirt dletriimentaliy with
copper and brass.

Illi. lf ,cI h cicg Ilc0 1)cl Iic--.(iv--bcrlded
ii! will dIl cljct-i j.- 1cctigcc- scrcr cdscrc 1 cc, Y Itcccircg (cit c-ccsideracticccs are hteavcily ilifluellcc-ec

;,fcr cill' Illic-i 't-iigtli nrcliilclcflts. icy t1il abr ifcc-ccveci ti ajcjtiii iigcrc 26i.71 13-1
shcows cocst cof bondcincg ic miccc-t crjcrv circa. Fcct i

I It micthi -lf ciihic-sij v u) apic cc! ic , i-c., mcanutal uinder these~ crcccpcrcchl ccrncitticci., tile metho d cif
liti-Ic -ct-cct gmi.si. fcl, rollerr crci, iciiljndapliicactionc ('cco r-ccise t(Itii co~sts tc vairy o~ver :tt00-

Icc' Vr lacrge areas , high p rodcuctionc. icr peculijar -shapes.
I l, bkI i,_asvib~vloatoncccccsult tite Matericais ic-irccicgv ccrgcccizatcrcn fcorcost
I c .-..-cctc~ c-ccicc~cc-ccs.ic- cssrcclci icc-ctc~c analysis, andcc gid cccce.

I-c !c,c* ,Ic icid. tlic cccss ccf ibocncincg tc..ccis
pct.r Irav\ gmccc, ncclc-r,. vcuumccct baggictg equcip- B. Whec the cdesigcn ofi cnccc trtc-tccrl joicnt% ap~prcccc-hcs

111, cccic icg ),g,,. cIc-% cc,-cl itc-tncrcturr c-ccncgeqci;- any~ ofi tice iicnitaticoccs norted icc IFigure 26 7 1 2cccnsuit thce
ri-cc!It cc-,iscci -c gliic I. MIaterialis Icchlcccccgy ccrgacimacciccc.
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"IaIr, ciling Nitri-i- yc medn.h-i-ium terop lasti ch ise

in ,ii S 5-4:1 2 mlmi- barn- Lldh c -r i e , ru-1, whichn dri s rauidily to gig s-
a K-orthhi & E er schic, -. imme fdiate .tr-ngth. %k ill

c-raze- al-rylic & ctiit-r
thernllaliticr. Us-c fur
boindig ood, papeiir, fe-It
& clink to thtiinst Isi &
tn c-ch tither.

A til- pail, wsaier h r- (rl-a in clre , A light amin e fnlexible

itt- rubbelr Ninrae ic- thin pn .tle I contact acihelsive EIs y
a pplic atiin flnit-fil ii-

a 1-1m BM S+se 5ei -,i. iMmabl& . len-th veryi

bonding palie, at r fe&

,placarkdts, t fa'bplaard &
otiher polrious materials Ici
metal & Wocod.

IiM -29 A o part. wah, r d Car light I A rigid gencral purpose

llr ru E byae ad- yillnw me I (poxy adhesive high in
l ,..hmavy syrup.tesle & shear strength.

E Used fcr bccnding 'cly-
I r perater & Phfnlic fiber-

glass laminates & metals

hthemselves & each
other. Not tIo e used
on 'opper or brass.

LF u 2 - 2 t
ilgr. 21.71 1-2 (ci+nlnuedl
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261.711 SEI.E(X'IBN 01',AI)Iif;S:S i(,I ....1

llA\( 50l lt ll'islaitss A111,lt1ititit latsh IMP~t Shear 'IeVilkteraitiir lDrai mg1Tye o. '', Lqid &C~r Pit 'VlStret'ih lmit tn luti ..t
'I' No lo liqtiitls & Strength -_______--

Resitanit to, water Blrush jtttlieationi. 410F M I IL-W-5665. XII.-W-5(i65. 20WF1 I' IAC 50t I0
& oil. l'oor resi,- (i ci's at Tvti spen 11, (Class eumttiit webbinig TYP 5'~.
ta ne li fuel. .N t IV 1,'irilu ite. :1, (cototl web- bonded toI

5 BMS a- 11 rest,-- Ibing )hm ' aluminum:
tant. to 20124-T:3 539 psi

Restricted mitt b Brush or spray. 93:J F Slightln les, Slightly less itestricted tnt-. .AC50 10
9 t he properties of by~ ,Nt tsmten hant w t~ria] than material by the pr ncerties' 11,11E, 9the % ityl. ora'itio.,. be'ing It.. nted. being bonded. I, hr , In.

iesislanl toi water. lBrush tie praiv. 54*F M\ I L-W-56(i5, M IL-W -5665 -30'1~F to I 25* F BA(' 50 10
12 :ii,;r resistance to Cur's by so lVcit Tvp 11, 1,(O'las (cottonf tech- TYPE 1F 2

oAl, & fuel. Not release .\kit by .1 lt itit web- bing I bonded
B MIS :3-11 resis- reactis-atei with bittg botnded to tliumilium:

tn.naphtha. 20124-T3 80 pnni
ait mu tpm.

1( ls/t Cl)

17 Restritedt oil byN Bruish tic (it)1. B~elow Sl ight].% less Slightly IV's Re'strietes titly BAt' 50 tuthe prolperties if ('tires b) oilSlr f(jt F thtani material or siottttimen by the prmttertie, TYPF 1 7
the plastics. ex iltmratiitfl. 'bvntg bondtted . g rea ter Itan ttf the plastien.

being bottnded.

Resistat to wiater, Bruish t r spreader.
1 

R-esini M I L- R-(6855. Botnd is stroinger 301 F"
il, & fuels. ('tre at rtoom 02 F ('tiss 1, G rade than iwoodii where

Icnipterititre lie Acti- 60, thsna- N tiennits is .76 or
19 with aid tof (teat % attir rubber hiotded tens.

. p to 130* F. lie- 177*F. li 20(24-T:3
qui res dasmping ilumpintum
durigre 9 ____ lbs/in0 __ ___________ ___

301 Fair resistance to Brush tor ritller W
0
F %1t L-W-5665. NI II-%V-5665 2001tF BA(' 5 1(1itter, ioil,, & coal. Cures by 'rype 11, ('as (cottonur -webbiitg) TYPE I3o

f"i' ('a nut Solentt essitttr- 31. (cotton to i auinu'm:
sttd tiinits auwebbing) bonud- ((I

,mmersio i. Neil eel t224-Tr
((MS1 3-I11 resin"- aluminum
taut. 6 lbs/in 0 ______

F'air resistatice to Brush, spatijli Attove N1 1L-W-5665, M I L-W-566.. o 1 i 200*F (Di>
34 ater &otils. Poomr tie stirayet. Cu re, 8(( F Typte 11, Clans (cotion webbin

resistance to fuels, by soilvent e--t- :1 (cittton we'b- to a lurninum:
Nut BMS 3-It re- pitratitin bing) bontded 55 psi
sislast. to 20(24- T3

at tin mr
(.5 lbs/in 12D

SResistant tit fuel. Stiff brush, Pa 'tA B: 20.24 -Tr. Aluminum to 160'F F'
il, & tIMS :1-I t . paului ritller, 3 ~9:F lmtu aluminum

38 Fair resistane to ir spreader. Part ('I: bondedl toi I1)W psi
water. Cures at rootm 468*F 2024-T3

temnperature, aluminum

tie with aid itif :3.7 lbs/in©0
hit up to-

25tlF. He-
qutires conptact

pressure. ~ 1~ .__ _ __ _ _ _

Figure 26.711-2 (Continued)



26.711 SElE~cTION OF AD"ESIVES liictcjcc~l)

Alt RsE P'F ROPERT IES

AC5111(11 %1 ntcficctccrcrs, Itecrijitmn Visutal lihvsical Propertiesi' it c
. 1 s-l No. )(c'cgilt~ in Appea ra ne & P'rimary Use, I .tqatd,

-y-B S o.A tough, flexible contcte Rlit-tat 1 i"
A one' parCt. Hitut- N base. tight brown~c 14) dar k type ad hesive with goo d iiit. & fuil.N~

40 .l
1 M

Nt room it temtperatutre cuiring almbcr. mccl turn, lure! strength. P'roidecls II stS 3- 11 ,,,
adthesive in t IKetoune brtushable syrup. i mmedijate strentgth ,with- tacit .

teic t~c. iUt clamitping. Shoucld be11MS 5- 14 lced where goodt ftuel re-
S istatice is required &
o~dor is not oubject ioniabile.
Bounds fabrics, felt. corkn.
wooc,ccl luna-N rucbber.
glass, metals. & vinyl
plastics.

A two part, Pttysulfidle Thick, briown (Cures tic ait tgh flex ile Resistanct tic fuil,
rubber base roiom temtper- paste. rcubber, wcith goodc peel watcr. & salt spray.

44 ature curing adhesive & strength. Used fccr bondc- P
t
cocr resistancte tci

sealant. 1l0', so~lids. ig nconportous materials 11MS 3-11.
BItS 5-19 such as phentolic & piily-

adhesive wcith goodcc peel
st rencgth is reqcuirecd. Th~e
gap filling properties ccf
this adhesive are very%
good._______ _j

11XMM 5-581 A two part, room temper- Light broiwn, pour- Cures tit flexible ruibber. Resistanti tic ater.
45 ature vulcanizing Silicone able paste. Used for bonding Silicicne Pioicr resistaceit)c

A-4094 rubber. rubber sheet and extrusicons ii & futel. Fauir
to acls & plastics or to B1MS 3-Il resi,.

themselves. Its use is tatnce.
limited tii applicationts
where bond strength is not
critical.

A-4t000 Sill- A two component, Sill- Water clear, A cotntact type Silicoite Resistatto wi uater.
conte Adhesive cone resin, room temper- thin syrup. adhesive. Cures to a P~o')r resistacce to

46 ature curing adhesive. resilient film. Used for icil & fcuel. F cir
46 A-4M bonditng silicones tic them- BIIS 3-Il resis-

Catalyst selIves or cother materials. tance.
Its use is limited tic ap-

A-4014 plications where bccnd
Primer strength is aol critical.

A one part, Silicone Clear 1o milky, Pressure sensitive ad- Resistant to water.
base, room temperature medium syrup. hesive. May be used for Poccr resistance tic

BMS 5-57 curing, pressure sensitive low strength applicaticons oil & fuel. Nict47 adhesive. up to 60F such as bond- BMIS 3-11 resis-
ing low density insulation tant.
material.

48 5-31) A ccne part Buna-N base Tan to amber, , A tough, flexible,lo tdr. estatccwe.

Adhsv in an ester brusbable. medium contact type adhesive with cit. ttnd fuels.
soilvent. syrup, good peel strength. Shcould Ncct 1MIS 3- 11 re-48 BNMM -3 be used itt areas where pas- sistanre.

I senger comfort is a cn-
I sideraioin. Bonds fic cries,

felt, cork, wood, Huna-N
rubber, glass, metals. &
vinyl plastics.

A two component Poly- ff-white, brush- A tcugh rigid adhesive. Resistant to BIMS
sulfide-Epoxy. rcoom able syrup. Used where BMS 3-11 re- 3-It, oil, and

49 IIMS 5-34 temperature curing ad- sistance is required, fuels. Poor water
hesive. & salt spray

I resistance.

A one part, non-solvent, A colorless, Tough, quick setting ad- Poor resistance In
rapid setting, room tenm- slightly milky, hesive for soft rubber water & salt spray.
perature curing adhesive, low viscosity (BMS 1-28) & for bonding Resistant to BMS

50 BMS 5-36 liquid. strain gauges. Very ex- 3-11, oIl, and fuels.
pensive. Use on small

parts only.

Figure 26.71 1-2 (Continued)
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214.7ADESVE PRPRTE SFICtlIN )I IIIEI''E )

pc ~ iiititi N, &- - --, Pon (alii i."i Ltn~lit

Illuni ori pitya. :iW)F 15 11is, il I1- 175 psi, MItI.- 34WI BA ~ 50 10i

c~ip~al %ebing) Ito ssdibing) t

.it a ,iYt) tsi -i ln lnn lu iun

Incthyl .t\I v
t ...... tip, ti

24 l~iuis aftI-r

44 Kife. patlula or Aboive 2)) i, ti: ees 278 psi; 20)0)F tIM 5010)
)CiC-iCCC gonC. S)W IINIS 5- II9 alttiinti Ii TYlE 44
C tre, s liy atili- iunliiii.
i/itioiC at roon Ii

*18". F. Requtire, 02w i C tit)i tr

durirng lutre.

K(nife. or sptulla.- Above Very Itiw peel 1:15 pi: - 7))'[ o IIA( 50 10
Cures by stilitic-- 801 F strenigh. aluitiitiiito 30( T)) l YPE 45

.45 ItiClierlutrt. I
1{etqti rtes contiact
Cre-rstv duiiringI

cuire.

llrtisl. Cture, by T60-9W F IINS 1-22 XMlI.-W-56)iS 4)5* F f 4041W F I)5))
4 poiilymeriztionil binti T0 ype 11. Class Il'A 46511

fo,.0-,ntaluinuim. webbingt
reits lamp- 

7
.81hs/iii bonded tii

requie ilaflip-2024-T3
iiig. alumiinum.© 2 8 

1psi 2

Blrush ior spiray. 70WF- l.SIbs/in; 20)24 1,3 65*F ti 600*1 F IIAC 5o41))
BeicomIes Iat ky IMP M~l F Nl -W-56S5 a tn nlunt TYPE' 47

47 b _,lven toalurinull. altindl un
evapoation 00pi

Brtish ior spiray, 30* F MI 1L- A-5665, 100) psi; MIL- 30)1W RAC 5)41))
Cures by solvent Type 11, Class W-5665 to TYPE 48

48 evapoiratiion. 3. (ciitton aluminum.
May he react)- webbing)
vatrd with boiided toi
inelhyl ethyl Ke- alumi .num

tine up tol 24 1 7 lbs'/ill ®
hour, tatter ap-
plicatiotn.

Knife o~r spatula. Part A, Rigid adhesive. 2010 psi; M ILI- 160WF IAC 50)1)1
Cures by poly- 472WF Very low peel W-5665 tCC TYPE 49
nierizatitln at part B, strength, aluminum.

49 roo~m temperature. 277*FQ
Requires clamnping
during cure.

Brush or swab. 176WF BMS 1-11, BMS t-tt., 180* I
50) Cures at room Grade 40. Grade 40, to

temperature by Neoprene aluminum.
moisture ab- rubber bondled Also alum-
sorption, to 20124-n3 ilum to

aluminum aluminum.
301.6 lbs/in ®~ x 10psi Q

Figure 26,711-2 1 Conl inutid)I
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26.711 SEI. ECTION OF A I) I EStI'S It a a

air BMNS Nar. Pltaniaara U- T iqm

A Twita lipotuit tl. tl- A trCT,1,alt-at, A loutglh ftexible ad- lf'nT Ioi , ter.
siilfide base room, art -iiir- 1, ots isi-gr-n Itisi. I'- at ja ft.l &il'. Poor.~atur - nring .adisve. po'a-. ranr IlYT Iito i bond ur N.\ iaaT1ala(to Ir IS

5I JaNIS 5-:11 & X~llar Iii thraaan 3- 11 & snll pat.
& otherr imate rials.
Shol ailal U tsed a, i
reralina ras Tovibrataiona
,antd [inl is it faa, tor

52 A Tatw i (oraiaaeat Epaxy i C. lear Sarht~r. Qairk sell ig. (Gui in fcaistnaai !ao JIS
Iis art N iscanaita-. qaaick seT- li' ista arijtY ct til pror~~tis. 3- 1 1 rail. & fatal.

IJNI .5til hag, rial aT iaaperalre liqaaid. I s-d fair hooiiaang poraa resistance- lii
aring adhlesive. Jalanaili . laminrralted tawCr &r all spiray.

.'alTas & Inatal-ala

;iuosa N-29 A tw i comonaienat . Ntar- %Msdtan aj~os iynit n ogh, fleie ar ia t Resistanit ti trr
(I haont jit-re binase, roriain temrra- syraup. O(tat' aidhe-sv. Usail fur bnda- anad oil. piiiir re-

alurs' curing adhecsive'. tlrnalat lhack ing anda splic-ing Naeoprenea jiamvrrt tar farls.
53 (;ao N-39 corlor. inLililtar andt Nurn e NuT IIMS 3- 1I r-

Accelernator rbe oldfbi. o ''at

(;nco N-I 15 themselves & us ala 1a
Prinmer piruner ti meatal,.

BNI S 5-25 Netd pnaste A rigiad adllasiv- h igha ia Resiant tar BIMiS
54 ;rnada' I titsile' & sheanr streangth. 3-11. ,it. anid fuael.
;radvr I but pooir ja, peeil sttangllh. 1'rrr re'sistnce Ita

U seda foar bonadtinag aisial tar %%nttr arra sit It sprray.
A twai coamponae'aT.ant,,- Tat'tial ira anrr-tructaral
milea, filled, rooamar I an...... .n.applicantionrs ahr-lar high
aluu g Epox resina strenrgthr in requaired.

raeadeig. Boaaodtraas maetnals. alarslics,
as ara al glnass anda fiber-

54 glnass lm rianatesTa tathe-
silaaste & treah aother.

I Grade :1, o vfobndg
Crajrpur & btrasns. (;uard
fall rag proijerties.

Epiaa 88 A ata roarpaaaeat, igh annry yllaat- A rigid adhaesive haigh Resisatant tar %aitvr
Epn8h Atocmoet ih Cn elw ira teanile' anad sthenar na rail. Poaria

56 Pyrairrtallitia Tesatesivue. crrrg stay srrl.a rengtha, brat poorr iar resistnc Tar ftaets.
inhydrirle peealndhsie Is trength. U sedl for Nail BM S 3- 11

Accraleratrrr brandirag Tenona Ira uari. resistnt.
Gooiid nat high temlperaature.

A rane compntaent, L~ight tarn, SN Syrahalic rubber contact Resistant tar water
58 ~rainira temtperalture brushable syrup. cemaenrt. Gooad flowa re- anrd rail. Porar58 PC-88(l sellinag synthetic slIstanace hant resistance. resistance to fuels.

rubhber tadhesive. Synthetic ruabber tar metal. Nail ItIS 3-It
I atawood, & mnost otIher sn r- re'sistnt.

farces.

59 A two acomponirent rooam tDark gray Praste A aigidl Epoaxy re'sin systeaa, Resistanrt to~ fuael,
tempnlerature ar heat higha henar strentgth. Bonards railt IS 3- It. &

Eparn 91:3 cart tag Epoxy resin, barse mnetnal, Itaraa- N rubber, ta-ater. Nart re--
adahesive. acry'lia-s. woodar, & glass sistaut tar suail

tar themrselves & tra erach spray.
tear. Gooad bondra

strength tar lily ametails.

(- :1 - M1 A tanse cotnnc; rea tn m rea any, at-tite Crs t-s t attite rubbery Resistrant tar water
60 temlrerat lur surarrg Paste. sarida. Excellent jpeel rand ozorne. Por

Silircone ruabber. strenagth anad goodra slre- resistanrce to rail.

RrV 12110 * Iical irnsulatinag paroperties. Fair resistarnce tr
Priner Q1 adhetasion tr Suliconre 1tIM S 3-I 11 Nart fael

ruabber anda marst rather resistant.
atia l s.

68 A:-4 Atwarcomapornent rooam Heavy balack (aires itr a toaugh black Resistant Ira Witter
9306 temperatures'aalcani-i- pate. -rubabery solid. Very, higha and ararrne., rr

iag Silicoane rubber Ipeeal strength. Adhleres reststance ta oil.
RTV 12(K) adlhesive. 71well lir glass, cured Fairrsstnet

phenoiarrr liEoyreitn



-130-

'26.711ISIE'I3) ! lt IE (3,a~

BAU 50 (101 Appl~lic'ation Flash 18W3 Slinjlitn Tlprlu(re Dlrat,
TNT,~~ No, & C'ure Pt'u( Pl't (D' SIl I.,,,ita,t s ('idl,,at

Strength Sin.igilr

51 Kifeur spatkila. A~bov'e 103 it) 9 p'i 3,5*F! I6iU'l It,\(*'(11o
('uare Iy poly~- 15(3'! NMYlar to NMylar l" '~t
m(et iz li,,n at il .a ul' l m nii
r .... in turn3ptratUre. 5 lbc/in, 154 p5(

pa-mire durjing alk,,ninuill. lni' ai.-

52 rU,.h. R ....i,, Rigid all- 503( p,,i. 2.5W3 Fi l(C i (52 (ellpe-rat rv eLuring IesieI - ''3 I'T t3.52
Requires 03tiaet tery lowM I phll (D
pre-sarv dhuring peel strength. I juli~t t

eu re. 10 S K- 20.

(aire upon ol- Racev. :34'F;: NIl 1.-Vt ,3,3,, Nt I-X t. 566~5. 23(WF It WIA 5411(
5:1 teit evapotrtiont A(et iva to r, Ty 1)e , 11 C ~ It. T) (, 1 lass l'3T I

bv root enipv(r- 1 8' F. :3 (Cottot aeb- '1 ie, t3,,n "eb-alert suleanization. Ihitigl 3),,tdet hrtg) b,,:'dked to,
3,, 23324 33 20324-T3

_5 Kntife ,r p3 ,3ll. 1503'F Rigid adhesive - I((3 w((si, 160.3 F BAt' 50103
Grade I Cu re. 33) vSt p c ery low peel alutnum to , I'YPtE 54

(3tr(,at(,,n at tregth aluminu. l)F: I
aton 3Ii-ntpratureI

'.,pto 200'3F' Re
quinn ootiwtn 3 3C-,

Ki, or pat tula. 1 50'F Rtigidl alecliyc- I1 1(3 pci. It33! 33\(Ml3
tut- by polyv very lo, peel alurntitttt to TYPE: 54

nittr3/attitt. a ittrentgth a~lum~inum. GRIADE 31
54 tet perai are of0
(Grade' 3 23333 F to, :55(0F.

Rtequirec e,,totact
precstaru d,,ritng
etire.

Knf r aua. 53Rgid~ bdeie ,04r (1FBC5
Knf oureb spotl Rigid adhcipeel aluminum: TN33!. .)65J
mer('aretbioly at vey l, p blo~lnded, tVI':

a50Ftuder 5 to aantu
15 psi. 18613 Its

B~rush or spray, M 1I.-W-5665 M1 I -W-5665 -20*F! to 2533W 'IIAC 5033(0531 Cures upon c ol- l'y3 e 11, C'lass 3 Type 11, Class 3 TYPE 58
vet ro eprature ('Coone big) (ottonebbig)
aet roepratn bcone tobig (oe towbig

:36 lbs/in @ 4l10lpsi ®
Kieosptl.Rigidi adihesive 20324-n: aluml-- 180'!"F 13A( 3333((ares by p,,lumer- very lw%' peel mamtn o alumi- TYP'E 59

ization at room tstrength. mum~
59 temperature or at 40)4 i

temperature up to 3i
183)'!. Requires
contact pressure
dauring cutre.

Knife or spatula. IIS 1-22 Sill- l3IS 1-22, 85'P' 3 0(3! BAy 5010
Cu~res at roomn cone rubber sandwiched TYPE6 6il)

60 tem~perature by bonded to between
moisture absor3" 20324-T3 20324-,r3
lion. Requires aluminvm. aluminum
contact pressure 30) lbs/In lap shellrs.duringcure.234 psi Q
Spatula, trowel, -7)!Boi1A( 50 10

Cures at room 533!
temperature.

!"igure 26.711-2 (Continued)
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26.711 splE~rcrION 01AIIIE.SIVES I I,. tiiiuiil

CO Rtefer to rnininlun R%1i, .,qurr n. .. I

@)Refe, I., On- s's-rags ted -uul),, o f 1,-3 133E.

1. %%i.,d flit, -, plii 01-i BA(! 50) 10. ryiE 19, Mi ETH(II 1.

2. %% ci innfl capplicuinon FlA 50111 TYPE 1ih, M EriTii) 11.

3. Boning ooind & litn-N r.hI,,r to, inn,,!.-s BAt 5010 . rii-m IS. mi lii)I

1. (k-i.iI applinatims: iiAC 501t0I. TYPIE 34, "iET( 1>111.

2. 9onding *.invi o~r polyvurethaiie foamns to metal: BAC 50t10, TYP'E 34.
MiFTHi) 11.

O1. Gener-al application: BAt 501(1. TYPE :36.

2. Biid ...g to metal .urfacvsi ItAC 510lt0. TYPE 3h. SPECi,\I, METHODI 1.

3. Nonwlructural tna
1 

to nitta! boitlding L'bilg glas s iin: BAt' Sit0, TYPE
38,. SiPECIAL MIEi) It) IL.

1 i. tGeneral apipiicatilii: BAC 5010,) TYPiE 501. ME THO 1.i

2. Mrineir application onlI. for hi )dingf thin rubher giaskets. -iniplicarzi parts and
where onfe highly% lastici.-ed surface i, Invoked: iIAC 50)10. TYPE 50),

ORequired on non-silicone rubber surfaces.

NMIE.: When the dtviu of i~iittrtia jmt apploiwht nll Il th lintjlatw,
shown here. cs,)- nit the Miaterials Techmologyv lrgicilsatiti for rccsini os-nn-
tiionN.

Figure ~ T 2672 TIS PAGE IS BE~ST QUAL7Y

26.712 StIRFAI-:C RKqL!FEMENTtt VIER I .\lkys -d~l
NON' %I1iICTUFAI BOIND)ING ,ryuVi ..

restrnij i.ii. s nn atiidisec ps-c It( 5719). 1Vnl

It. ANODtI/11l! AIUtIiNI MI SUHFACKS No bond- 4~cn-iiis t.,u-r
img eititisnhcn ancidized per BAt 50)193. .\It ! igiii , I-i-) hI I...i.i .),im~lid fri.. ,, vI, Ii. mii.

NMi limIIiinig n Iti atns %hen chrornai zed pser BiM 57 9. nad 1), "niiii '.11 .. 1 : th tii . ....... Ili

1t It1ts Ill.11. Y11 1. I'MlMEit IMt MIS t10-53 PI. G;. CAi)NiitUM PlA Il KIVE! S I ~~ I- EL.i,
1):1 ... (I l.i.gr-oii. ivnci 11M Inl-il. tyvpe I tioml onl cadium 1-ael ts :iihr1 l
11Mee'i W-7,3 Il-I tiin"IIph 0i pii.i-i t,\ti 5736 Vnents Ii FsIrat 1,1~- 5ctii ill- VI I I, I pi'Ii-

ore ]IM 574.1 BAC 57t8 and BM~ Willi wishch ip-lil1% .. , 5
plate treatment. See th ap il-ahIs iiitl foniii'J I-

F., ZiIM (I tOMAiN l ilKitS! W)* Vt s. lRiiiliing lion for prolper finish cat .i.....li li- i Ci. iti
Iii m thli ...i riint prinited iutnss . .i-ud solly plate treatmnst is not w, -liiiI !i~i', Iii X,. I'

niitigy organiitatilqin :,r liiing in-i l,

requirirmnts (,! Ii A(-1i4 utIiin[ lbi i .

ia hrlt-d tirii hbi-li.liili iuioliEn) fo niope i. -:[-. es-ifl, 0--i S l II-:

1,\ It r lh l. ,iitisi I ii o..I III i-ills ii a, no~g th rta lano bsiti.r~ .Itniii I o.1 r01i
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